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Azaborines: Unique Isosteres Of Aromatic And Heteroaromatic Systems
Abstract
The azaborine motif provides a unique opportunity to develop core isosteres by inserting B-N units in place of
C=C bonds within aromatic scaffolds. These boron/nitrogen-containing heteroaromatic systems provide
molecular frameworks that have similar, but not identical, geometrical shapes and electronic distributions to
the analogous all carbon systems. Synthetic routes to the 1,3,2-benzodiazaborole core have been developed
utilizing entirely bench-stable starting materials, including organotrifluoroborates, enabling a wider array of
substrate analogues under facile reaction conditions. The physical, structural, and electronic properties of
these compounds were explored computationally to understand the influence of the B-N replacement on
structure, aromaticity, and the isosteric viability of these analogues. The class of azaborininones could
similarly be accessed from both organotrifluoroborates and boronic acids. An inexpensive, common reagent,
SiO2, was found to serve as both a fluorophile and desiccant to facilitate the annulation process across three
different azaborininone platforms. Computationally-derived pKa values, NICS aromaticity calculations, and
electrostatic potential surfaces revealed a unique isoelectronic/isostructural relationship between these
azaborines and their carbon isosteres that changed based on boron connectivity. The 2,1-borazaronaphthalene
motif can be accessed through robust methods of synthesis and subsequent functionalization strategies,
affording an ideal platform to use for a variety of applications. However, the initial scope of substructures for
this archetype has been limited by the lack of nitrogen-containing heteroaryls that can be incorporated within
them. Modified reaction conditions enabled greater tolerance to provide access to a wider range of
substructures. Additionally, computational and experimental studies of solvent decomposition demonstrate
that substitution off boron is important to stability.
Post-annulation derivitization of the azaborine cores can allow access to higher order functionalized
structures. A method for functionalizing the 2,1-borazaronaphthalene scaffold using ammonium
alkylbis(catecholato)silicates via photoredox/nickel dual catalysis was found to be highly effective. By forging
Csp3–Csp2 bonds via this approach, alkyl fragments with various functional groups can be introduced to the
azaborine core, affording previously inaccessible heterocyclic isosteres in good to excellent yields. These
conditions provide sensitive functional group tolerance, even permitting the cross-coupling of unprotected
primary and secondary amines. Regioselective C-H borylation and subsequent cross-coupling of the
2,1-borazaronaphthalene core could also be achieved. Although 2,1-borazaronaphthalene is closely related to
naphthalene in terms of structure, the argument is made that the former has electronic similarities to indole.
Based on that premise, iridium-mediated C-H activation has enabled facile installation of a versatile,
nucleophilic coupling handle at a previously inaccessible site of 2,1-borazaronaphthalenes. A variety of
substituted 2,1-borazaronaphthalene cores can be successfully borylated and further cross-coupled in a facile
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	Geraint	H.	M.	Davies	Gary	A.	Molander		The	azaborine	motif	provides	a	unique	opportunity	to	develop	core	isosteres	by	 inserting	 B-N	 units	 in	 place	 of	 C=C	 bonds	 within	 aromatic	 scaffolds.	 These	
boron/nitrogen-containing	heteroaromatic	systems	provide	molecular	frameworks	that	have	similar,	but	not	identical,	geometrical	shapes	and	electronic	distributions	to	the	analogous	all	carbon	systems.	Synthetic	routes	to	the	1,3,2-benzodiazaborole	core	 have	 been	 developed	 utilizing	 entirely	 bench-stable	 starting	 materials,	including	 organotrifluoroborates,	 enabling	 a	 wider	 array	 of	 substrate	 analogues	under	facile	reaction	conditions.	The	physical,	structural,	and	electronic	properties	
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process	 across	 three	 different	 azaborininone	 platforms.	 Computationally-derived	pKa	 values,	 NICS	 aromaticity	 calculations,	 and	 electrostatic	 potential	 surfaces	
revealed	a	unique	isoelectronic/isostructural	relationship	between	these	azaborines	and	 their	 carbon	 isosteres	 that	 changed	 based	 on	 boron	 connectivity.	 The	 2,1-borazaronaphthalene	motif	 can	 be	 accessed	 through	 robust	methods	 of	 synthesis	and	subsequent	functionalization	strategies,	affording	an	ideal	platform	to	use	for	a	variety	of	applications.	However,	the	initial	scope	of	substructures	for	this	archetype	has	 been	 limited	 by	 the	 lack	 of	 nitrogen-containing	 heteroaryls	 that	 can	 be	incorporated	within	 them.	Modified	 reaction	 conditions	 enabled	 greater	 tolerance	to	provide	access	to	a	wider	range	of	substructures.	Additionally,	computational	and	experimental	 studies	 of	 solvent	 decomposition	 demonstrate	 that	 substitution	 off	boron	is	important	to	stability.	






























Csp2	bonds	via	this	approach,	alkyl	fragments	with	various	functional	groups	can	be	introduced	 to	 the	 azaborine	 core,	 affording	 previously	 inaccessible	 heterocyclic	isosteres	 in	good	 to	excellent	yields.	These	conditions	provide	sensitive	 functional	group	 tolerance,	 even	 permitting	 the	 cross-coupling	 of	 unprotected	 primary	 and	
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	Isosterism,	 first	proposed	by	 Irving	Langmuir	 in	his	 treatise	 “Isomorphism,	Isosterism	and	Covalence”,1	is	a	fundamental	concept	in	small	molecule	design	that	relies	 on	 the	 relative	 similarities	 and	 differences	 of	 various	 compounds.	 In	Langmuir’s	 case,	 he	 noticed	 the	 surprising	 similarity	 of	 the	 physical	 properties	 of	carbon	dioxide	 (CO2)	and	nitrous	oxide	 (N2O)	 -	 critical	 temperature	and	pressure,	viscosity,	 thermal	 conductivity,	 dielectric	 constant,	 and	 density	 –	 despite	 having	fundamentally	different	atomic	construction.	The	origins	of	this	phenomenon	stems	from	the	underlying	electrostatic	similarities	of	these	two	compounds.	Advances	in	orbital	 theory	 since	 the	 time	of	Langmuir	have	 resulted	 in	a	more	 comprehensive	understanding	of	the	classical	theory	of	isosteres,	which	are	defined	as	molecules	or	fragments	that	contain	the	same	peripheral	electron	sphere.2	A	subset	of	 isosterism,	which	 is	 of	particular	 interest	 in	 the	modern	era,	 is	bioisosterism,	 wherein	 different	 structural	 motifs	 are	 compared	 and	 categorized	based	 on	 biological	 function.3	 The	 application	 of	 bioisosteres,	 coupled	 with	computational	methods	for	comparing	fragment	properties,	has	been	instrumental	in	 the	 advancement	 of	 new	 therapeutic	 candidates.	 Classes	 of	 isosteres	 include		molecules	with	fluorine	or	deuterium	at	positions	previously	occupied	by	hydrogen,	specifically	at	sites	prone	to	oxidation.	Thiol	or	amino	groups	can	be	 interchanged	with	hydroxyl	groups,	based	on	their	capacity	for	hydrogen	bonding.	sp2-Hybridized	substructures	can	also	be	efficiently	exchanged	(C=S,	C=O,	C=NH	and	C=C)	and	can	
1.1	–	Isosterism	as	it	applies	to	boron/nitrogen	containing	heterocycles	
	 2	
be	further	extended	to	the	corresponding	aromatic	ring	systems	(furan,	thiophene,	pyrole,	 oxazole,	 pyrazole,	 and	 imidazole).	 For	 aromatic	 six-membered	 rings,	insertion	 of	 nitrogen	 is	 one	 of	 the	 few	 options	 that	 retains	 both	 ring	 size	 and	aromaticity.	This	is	ultimately	a	limited	isostere	because	it	introduces	a	basic	motif	that	is	capable	of	chemistries	not	common	to	all-carbon	arenes.			One	 strategy	 to	 overcome	 this	 limitation	 is	 to	 consider	 fundamental	isosteres	of	a	C=C	that	could	be	exchanged	within	the	ring	system.	One	such	example	is	the	comparison	of	a	C=C	bond	to	that	of	a	B-N	bond	(Figure	1.1).	Donation	of	the	Lewis	basic	lone	pair	of	nitrogen	into	the	Lewis	acidic	empty	orbital	of	boron	allows	pseudo	 double-bond	 character.	 Both	 C=C	 and	 B-N	 subunits	 contain	 the	 same	

































realized.5	An	early	example	of	this	was	a	report	detailing	the	antibacterial	activity	of	diazaborine	1.2	(Figure	1.2),	which	binds	to	the	enoyl	reductase	of	Escherichia	coli.6	A	 crystal	 structure	 of	 the	 compound	 in	 the	 active	 site	 revealed	 an	 unusual,	tetravalent	coordination	between	the	boron	and	an	alcohol	of	a	nicotinamide	ribose	also	present	in	the	binding	pocket	(1.3),	which	provided	additional	hydrogen	bond	contacts.	 Although	 spatially	 viable,	 the	 carbon	 analogues	 show	 no	 appreciable	activity,	demonstrating	 the	potential	of	 the	azaborine	scaffold	 to	provide	normally	inaccessible	pharmacological	activity.	There	is	growing	interest	in	the	application	of	boron	isosteres	to	medicinally	relevant	systems,	as	these	substuctures	can	open	up	new	intellectual	property	space	and	offer	new	avenues	for	binding.7		
	































predominantly	 focused	 on	 understanding	 the	 aromatic	 properties	 of	 the	 B-N	containing	structures.	A	useful	barometer	for	understanding	aromaticity	is	nucleus-independent	 chemical	 shielding	 (NICS)	 calculations,9	which	provide	 a	quantitative	correlation	for	aromaticity	using	a	“theoretical	nuclei”	at	the	center	of	a	ring	system	to	 probe	 electron	 shielding.	 Typically,	 evaluations	 are	 done	 at	 a	 distances	 of	 0.0 
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Figure	1.3:	 NICS	values	(ppm)	for	6-membered	azaborines	
	 5	
This	analysis	has	been	separately	verified	in	other	studies	of	the	1,2-	1,3-	and	1,4-azaborine	 (1.5,	 1.6,	 and	 1.7,	 respectively),	 where	 an	 inverse	 correlation	 of	aromaticity	versus	stability	was	also	observed.11	In	examining	calculated	resonance	stabilization	 energies,	 it	 was	 noticed	 that	 the	 1,3-benzene	 azaborine	 (1.6)	demonstrated	greater	 resonance	 stabilization	 (~3	kcal/mol)	 compared	 to	 the	1,2-azaborine	(1.5),	which	correlated	to	the	increased	NICS	values.	It	is	suggested	that	the	 greater	 aromaticity	 is	 due	 to	 the	 inability	 of	 the	 zwitterionic	 1,3-azaborine	 to	reside	 in	 an	 uncharged	 resonance	 form,	 leading	 to	 greater	 delocalization.	Additionally,	 comparison	 of	 molecular	 orbital	 contributions	 to	 magnetic	 field	induction	 and	 poly-electron	 population	 analysis	 for	 these	 azaborine	 analogues	 of	benzene	supports	the	notion	that	only	1,3-azaborine	(1.6)	contains	fully	delocalized	pi	electrons,12	and	that	a	hydroxyl	substitution	has	an	effect	on	the	aromaticity	and	stability	of	the	mono-hydrated	azaborines.13	
	Interest	in	azaborines	has	borne	synthetic	strategies	to	a	variety	of	different	scaffolds	(Figure	1.4).	Five-membered	azaborine	ring	systems	(1.9)	have	been	made	from	 chelation	 of	 either	 ethylenediamine	 derivatives	 followed	 by	 oxidation14a	 or	diimines	 followed	 by	 reduction.14b	 Additionally,	 cyclopentadienide	 mimics	 (1.10)	have	 been	 synthesized	 on	 metal	 templates.15	 The	 1,2-azaborine	 (1.5)	 can	 be	constructed	 from	 the	 coordination	 of	 allyltrifluoroborate	 and	 allylamine,	 which	undergoes	 ring	 closing	 metathesis	 (RCM),	 followed	 by	 oxidation.16	 Isosteric	 1,3-azaborine	 (1.6)	 can	be	 accessed	 through	 a	 similar	 strategy.11,17	 The	1,4-azaborine	(1.7)	 can	 be	 synthesized	 by	 rhodium	 catalyzed	 2+2+2	 cyclization	 of	 alkynes18a	 or	
1.3	–	Synthetic	methods	to	access	azaborine	isosteres	
	 6	
through	 the	 lithiation	 of	 diallylamine	 with	 dichloroborane	 followed	 by	tautomerization.	 18b	 Both	 bicyclic	 (1.16)	 18c	 and	 tricyclic	 (1.24)	 18d	 extended	 1,4-azaborine	ring	systems	have	been	synthesized	by	similar	synthetic	strategies.	In	 the	 case	 of	 bicyclic	 systems,	 an	 isoindole-like	 azaborine	 (1.11),	synthesized	 by	 chelating	 borane	 with	 2-(aminomethyl)pyridine,	 can	 undergo	reversible	 aromaticity,	 switching	 between	 the	 rings.19	 The	 1,3,2-benzodiazaborininone	(1.12),	which	has	been	the	interest	of	our	group	and	others,	
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RCM	 followed	 by	 oxidation	 with	 palladium	 on	 carbon.24	 Diamino	 6,6-azaborine	scaffolds	 have	 been	 obtained	 by	 amide	 tautomerization	 after	 anthranilamide	coordination	 of	 boron	 (1.18)25	 or	 from	 the	 condensation	 of	 hydrazines	 with	 2-formylphenylboronic	acids	to	access	1.19,	which	has	been	used	as	a	fluorescent	tag	for	bacteria.26	A	2,4-diamino-substituted	bicyclic	scaffold	1.20	can	also	be	accessed	from	2-amino-phenylboronic	esters.27	One	of	the	pioneering	azaborine	scaffolds,	reported	by	Dewar,	was	the	9,10-azaboraphenanthrene	 (1.21),	 accessed	 through	 a	 Lewis	 acid-mediated	 cyclization	event.28	The	tricyclic	variants	of	the	azaborine	motif	have	continued	to	be	of	interest	because	of	the	potential	material	applications	of	the	extended	π-systems.	A	similar	phenanthroline-base	 azaborine	 system	 (1.22)	 could	 also	 be	 synthesized	 from	boracylcohexadiene	 and	 2-ethynylpyridines.29	 Furthermore,	 a	 photo-elimination	strategy	 has	 enabled	 access	 to	 1.23.30	 Aside	 from	 the	 previously	 mentioned	 1,4-azaborine	 derivative	 of	 anthracene	 (1.24),	 an	 isomeric,	 tricyclic	 B-N	 ring	 system,	
1.25,	 can	 be	 accessed	 through	 a	 strategy	 similar	 to	 the	 2,1-borazaronaphthalenes	
via	cyclization	of	2-amino-vinylnaphthalene.31		Although	a	broad	scope	of	accessible	azaborine	cores	exists,	there	are	some	limitations	 to	 current	 synthetic	 methods.	 The	 primary	 problem	 is	 the	 lack	 of	functional	 group	 diversification	 and	 the	 use	 of	 sensitive	 reagents.	 Furthermore,	many	 of	 the	 procedures	 have	 undesired	 steps	 to	manipulate	 oxidation	 state,	 and	access	 to	 many	 of	 the	 azaborine	 structural	 classes	 require	 significant	 synthetic	effort,	increasing	the	barrier	to	practical	application.		
	 8	
	Even	 with	 these	 synthetic	 barriers,	 azaborines	 have	 some	 interesting	potential	 applications	 based	 on	 their	 physical	 and	material	 properties,	 as	 well	 as	some	early	assessment	of	their	practical	biological	viability.	One	recent	interest	has	been	 in	 their	 photophysical	 properties	 for	 optoelectronic	 materials.32	 The	polarization	 caused	 by	 the	 replacement	 of	 a	 C=C	 for	 a	 B-N	 allows	 localization	 of	singularly	occupied	molecular	orbitals	from	the	triplet	state,	which	has	potential	for	organic	 light	 emitting	 diodes.33	 As	 a	 result,	 azaborines	 present	 a	means	 of	 triplet	energy	 control,	 allowing	 higher	 efficiencies	 and	 extended	 excited	 state	 lifetimes	(Figure	 1.5-A).	 This	 is	 demonstrated	 in	 the	 effect	 of	 the	 extended	 conjugation	 of	boron	 and	 nitrogen	 on	 opposite	 termini	 of	 a	 luminescent	 superbenzene	 structure	(1.26).34	 This	 donor-acceptor	 substitution	 provides	 a	 larger	 charge	 transfer	 band	resulting	 in	a	higher	 fluorescence	quantum	yield.	A	class	of	 small	molecule,	highly	fluorescent	azaborine	chromophores	(1.27)	has	been	demonstrated	to	have	strong	visible	 absorption,	 sharp	 fluorescence,	 and	 efficient	 quantum	 yields.	 Compared	 to	similar	 carbonyl	 analogues,	 the	 azaborine	 chromophores	 demonstrated	 higher	molar	absorption.35	Additionally,	the	1,9-diaza-9-borazaphenalene	motif	(1.28)	has	been	 imbedded	 into	 zigzag-edged	 graphene	 nanoribbons,	 and	 the	 N-B-N	 within	dibenzophenalenes	 offers	 heightened	 chemical	 stability.	 Moreover,	 the	 dipole	created	 within	 the	 system	 allows	 post-synthetic	 modifications	 via	 selective	electrophilic	bromination	and	subsequent	cross-coupling.36		
1.4	–	Applications	of	azaborine	scaffolds	
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trimerization	 (Rxn	 1)	 followed	 by	 endothermic	 aromatization	 (Rxn	 2)	 to	 release	hydrogen,	 which	 allows	 for	 a	 highly	 conserved	 dehydrogenation	 process.38b	 In	 a	profile	 of	 several	 aromatics	 as	 potential	 hydrogen	 storage	materials,	 heteroatoms	were	 observed	 to	 affect	 the	 thermodynamics	 of	 hydrogen	 extursion.	 While	incorporation	of	sulfur	and	oxygen	were	found	to	have	a	negative	influence	on	this	process,	 nitrogen	 improved	 the	 thermodynamics	 in	 favor	 of	 dehydrogenation.	Furthermore,	when	moving	to	the	azaborine	substrates	(1.05	and	1.36)	there	was	an	additional	shift	 in	 favor	of	dehydrogenation	(free	energy	ΔG	of	hydrogenation	-2.7	and	-2.9	kJ/mol	H2,	respectively,	compared	to	–29.5	for	pyridine).38c	



























to	 be	 non-symmetrical.15a	 This	 catalyst	 has	 been	used	 in	 the	 2+2	 cycloaddition	 of	norbornene	analogues	to	form	the	exo-cycloadduct	(Figure	1.7-C),	and	further	used	in	 atom	 transfer	 radical	 addition	 (Figure	 1.7-D).	 Additional	 ligands	 have	 been	synthesized	from	the	benzo-fused-1,4-azaborine	structures	(Figure	1.7-B)	including	
1.38,	 which	 chelates	 platinum	 in	 a	 η2-L-type	 binding,	 atypical	 of	 the	 analogous	naphthyl-pyridine	ligands.18c	Additionally,	a	phosphine-functionalized	1,4-azaborine	(1.39)	has	been	used	in	palladium-catalyzed	trans-hydroboration	of	enynes	(Figure	1.7-E).39		
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Dopamine D3 receptor antgonist
C=C – 1 nM
B-N  – 3 nM
PPAR γ antagonist
C=C – 1 uM
B-N  – 2 uM
PPAR δ antagonist
C=C – 2 uM
B-N  – 1 uM
1.44
CDK2 inhibitor
C=C – 320 nM











Regioisomeric	 1,2-azaborine	 cores	 with	 an	 ethyl	 side	 chain	 displayed	markedly	 different	 inhibition	 of	 ethylbenzene	 dehydrogenase.	 The	 B-ethyl-1,2-azaborine	 1.40	 (IC50	 -	 100	 µM)	 was	 50	 times	 less	 potent	 than	 the	 N-ethyl-1,2-azaborine	1.41	(IC50	–	2.8	µM),	though	in	neither	case	was	any	enzymatic	turnover	observed.	Calculated	energy	for	radical	and	carbocation	formation	for	the	azaborine	were	>20	kcal/mol	higher	than	ethylbenzene,	suggesting	a	much	higher	barrier	for	the	associated	hydroxylation	event.	Molecular	mechanics	modeling	was	utilized	 to	understand	this	phenomenon.	The	N-ethyl-1,2-azaborine	binding	pose	in	the	active	site	was	the	same	as	ethyl	benzene.	However,	the	B-ethyl-1,2-azaborine	was	slightly	angled	based	on	modeling,	corroborating	the	weaker	inhibition.	In	further	studies	of	the	 N-ethyl	 1.41,	 it	 appears	 to	 be	 a	 mixed-type	 inhibitor,	 displaying	 lower	competitive	 (Kic:	 0.55	 µM	 -	 comparable	 to	 ethylbenzene)	 than	 uncompetitive	inhibition	(Kiu	–	9	µM),	suggestive	of	a	potential	second	binding	site.	43	More	 elaborated	 1,2-azaborine	 derivatives	 have	 been	 profiled	 for	 their	specific	medicinal	relevance.44	In	this	case,	1,2-azaborine-based	biphenyl	acids	and	amides	 were	 demonstrated	 to	 be	 both	 air-	 and	 water	 stable	 and	 have	 improved	solubility	in	water	compared	to	their	all-carbon	analogues,	caused	by	the	previously	mentioned	dipole	moment.	 They	 also	 have	 additional	 potential	 hydrogen	bonding	contacts	from	the	N-H	of	the	azaborine	scaffold.	These	benefits	can	be	transferred	to	improved	 in	vivo	 oral	 availability,	 suggesting	 lower	 clearance	 and	 longer	 terminal	half-life.	 To	 probe	 their	 activity,	 azaborine	 dopamine	 D3	 antagonist	1.42,	 PPAR	 γ	and	 δ	 antagonist	1.43,	 and	CDK2	 inhibitor	1.44	were	 compared	 to	 the	 all	 carbon	
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analogues.	For	both	the	dopamine	D3	antagonist	and	the	PPAR	γ	and	δ	antagonists	both	classes	of	compounds	displayed	comparable	activity.	Interestingly,	in	the	case	the	CDK2	inhibitor	there	was	a	three-fold	increase	in	potency	for	the	azaborine.	In	docking	studies	of	the	CDK2	binding,	it	was	observed	that	the	N-H	in	the	azaborine	analogue	 exhibited	 additional	 hydrogen-bonding	 contact	 to	 the	 backbone	 of	 a	neighboring	isoleucine.		The	2,1-borazaronaphthalene	core	also	has	potential	biological	applications	(Figure	1.9-A).	Two	isomeric	azaborine	derivatives	(1.45,	 1.46)	were	compared	to	propranolol,	a	commercially	available	β-blocker	drug.45	Stability	tests	under	normal	atmosphere	 indicate	 these	derivatives	display	good	stability	at	both	pH	7.4	and	 in	DMSO	 ,	 as	 well	 as	 80%	 stability	 in	 0.1	 M	 NaOH	 after	 2	 days.	 However,	 both	azaborines	immediately	degraded	in	0.1	M	HCl.	This	degradation	could	be	caused	by	protonation	of	 the	nitrogen,	 leading	 to	dearomatization	of	 the	B-N	 ring.	Though	 a	possible	caviat,	this	limitation	can	be	solved	by	formulation	strategies.46	Tested	in	a	screen	of	26	receptors	for	both	agonist	and	antagonist	activity,	1.45	was	found	to	be	10	fold	less	potent	than	propranolol	for	the	β2	adrenergic	receptor,	while	1.46	had	comparable	activity.	In	vitro	physicochemical	and	ADME	studies	demonstrated	that	both	azaborines	were	more	lypophilic	that	propranolol,	had	good	cell	permeability,	and	 readily	 crossed	 the	 blood-brain	 barrier.	 Additionally,	 1.46	 had	 improved	stability	 in	 human	 liver	 microsomes,	 suggesting	 potentially	 useful	 benefits	 for	azaborine	mimetics.	
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The preparation of boron-based heteroaromatic species greatly expands the library 
of heterocyclic structures and can redefine the reactivity profile of these conjugated 
systems.1 Although historically studied as a means to understand aromaticity,2 boron-
based aromatic systems have been recognized as a viable, emerging area for expanding 
molecular diversity.3 Particularly privileged among these boron-based cores is the 
azaborine scaffold in which a B-N bond is integrated into the aromatic system.4 The B−N 
bond serves as a surrogate for a C=C bond in arenes or heteroarenes, providing structural 
mimicry with unique electronic properties, and therefore chemical reactivity. The unique 
disconnections, wholly unavailable in the corresponding carbon analogues, provide 
opportunities for dissonant synthetic routes to bicyclic systems. Additionally, the 
interchange between B−N and C=C bonds is particularly attractive for drug discovery, as 
the boron can adopt a tetrahedral geometry to present alternative binding contacts for 
enzymatic targets.5 Taken together, not only could this enhance potency of existing 
scaffolds, but it could also lead to new pharmacophores. Indeed, oxaboroles6 and 
azaboroles7 have been shown to have unique modes of bioactivity. Methods to construct 
new or unexplored boron heterocyclic species could dramatically improve the quality of 
drug discovery libraries.	




academic	 and	 pharmaceutical	 applications.	 Currently,	 there	 are	 two	 known	azaborine	 isosteres	 of	 indole:	 (i)	 the	 1,3,2-benzodiazaborole	 (2.1),	 where	 the	 2-3	carbon-carbon	 double	 bond	 is	 replaced	 by	 a	 B-N	 bond;9	 and	 (ii)	 the	 “fused”	 B-N	indole10	(2.2),	 in	which	the	adjacent	bond	in	the	bicycle	 is	exchanged	(Figure	2.1).	The	 indole-azaborine	2.1	 is	 particularly	 valuable	 because	 it	 provides	 access	 to	 an	indole	 isostere	 in	 one-step	 via	 chelation	 of	 a	 boron	 species	 between	 the	 amino	groups	of	o-phenylenediamine.11	Literature	reports	have	revealed	the	incorporation	of	different	substituents	on	boron	through	the	use	of	alkyl-amino,-11a,	trialkyl-11b	or	alkyl-dichloroboranes12a	and,	in	later	contributions,	via	condensation	reactions	with	boronic	acids12b-e	or	electron	deficient	boronate	esters.12f	The	major	limitation	of	the	currently	 available	 methods	 is	 the	 requirement	 of	 air-	 and/or	 moisture-sensitive	


















	Initial	screening	of	reaction	conditions,	using	o-phenylenediamine	(2.3)	and	phenyltrifluoroborate	 (2.4),	 indicated	 that	 reactive	 silicon	 fluorophiles	 could	 be	directly	 applied	 to	 the	 synthesis	 of	 1,3,2-benzodiazaboroles	 (Table	 2.1).	 Silicon	tetrachloride	 has	 been	 previously	 demonstrated	 to	 react	 with	 potassium	organotrifluoroborates,	generating	highly	reactive	dichloroborane	species,15	which	let	 to	good	conversion	 to	2.5	 (Table	2.1,	 entry	1).	 In	exploring	more	user-friendly	












0.5 M, 80 °C, 16 h
Entry	 Fluorophile	 Equiv	 Prod:ISa	1	 SiCl4	 1	 4.60	2	 TMSCl	 1	 2.49	3	 BCl3	(1.5	M	in	hexane)	 3	 4.21	4	 BH3·SMe2	 3	 1.21	5	 BF3·MeCN	 3	 1.85	6	 BF3·SMe2	 3	 1.60	7	 BF3·THF	 3	 0.42	8	 BF3·OEt2	 3	 0.43	9	 BF3·NH2Et	 3	 6.85	10	 BF3·NH2Et	 2	 5.55	11	 BF3·NH2Et	 1	 3.80		 aProduct:Internal	Standard	ratios	determined	by	GCMS	using		4,4’-di-tert-butylbiphenyl	as	internal	standard.		
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three	equivalents	of	boron	trifluoride	ethylamine	complex	as	the	fluorophile	(Table	2.1,	entry	9),	a	particularly	appealing	reagent	because	it	was	the	sole	reagent	tested	that	was	a	bench-stable	solid.	These	 modified	 reaction	 conditions	 were	 then	 applied	 to	 prepare	 1,3,2-benzodiazaborole	 analogues	 using	 various	 potassium	 aryltrifluoroborates	 (Table	2.2).	 Besides	 alkyl	 groups	 (2.6,	 2.7,	 2.8)	 and	 halogens	 (2.9,	 2.10,	 2.11),	 the	relatively	mild	reaction	conditions	were	tolerant	of	vinyl	(2.12),	ether	(2.13,	2.14,	
2.15,	 2.16,	 2.18)	and	ester	(2.17)	 functional	groups.	Although	steric	hindrance	at	either	the	ortho	position	of	the	aryltrifluoroborate	(2.6,	2.7,	2.9,	2.13,	2.16)	or	on	























































































































































(2.19)	or	cyano	(2.20)	groups	resulted	 in	 lower	yields.	Heteroaryltrifluoroborates	containing	 sulfur–	 (2.21)	 or	 oxygen–	 (2.22,	 2.23)	 atoms	 were	 well	 tolerated.	Unfortunately,	the	method	could	not	be	extended	to	nitrogen-containing	heteroaryls	such	as	pyridyl	subunits	(2.24).		The	 utility	 of	 this	 protocol,	 using	 all	 air-stable	 starting	 materials,	consequently	 allowed	 the	 reaction	 to	 proceed	 even	 in	 the	 absence	 of	 a	 nitrogen	purge	of	the	reaction	vessel	or	solvents	(88%	under	air	versus	90%	under	argon	for	
2.5).	 It	 important	 to	 note	 that	 for	 several	 of	 the	 reactions,	 the	 only	 purification	required	was	 a	 basic	 aqueous	 (sat.	 NaHCO3)	workup	 followed	 by	 extraction	with	ethyl	 acetate,	 thus	 highlighting	 the	 ease	 of	 access	 toward	 these	 cores.	 In	 most	remaining	 cases,	 the	 only	 additional	 purification	 required	was	 passage	 through	 a	flash	plug	of	silica	gel.		Desymmetrization	of	the	starting	phenylenediamine	enabled	the	synthesis	of	unsymmetrical	 azaborine	 cores	 (Table	 2.3).	 Use	 of	 functionalized	phenylenediamines	 allowed	 the	 facile	 introduction	 of	 versatile	 synthetic	 handles	




























































The	 scope	 of	 the	method	was	 further	 advanced	 to	 other	 Csp2-hybridized	 as	well	 as	 Csp3-hybridized	 groups	 on	 the	 boron	 atom	 (Table	 2.4).	Alkenyltrifluoroborates	were	well	tolerated	under	these	conditions	(Table	2.4,	left),	affording	 the	 corresponding	 azaborines	 in	 good	 yields	 (2.31,	 2.32,	 2.33).	 An	alkynyltrifluoroborate	was	also	utilized	to	demonstrate	that	the	procedure	could	be	extended	 to	 sp-hybridized	 centers	 (2.34).	 N-Methylation	 of	 the	 diamine	 did	 not	affect	 the	 reaction	 (2.35,	 2.36),	 and	 the	 presence	 of	 a	 bulky	N-phenyl	 group	was	tolerated	 when	 using	 sterically	 small	 organotrifluoroborates	 (2.37,	 2.38,	 2.46).	However,	 only	 starting	 diamine	 was	 observed	 when	 attempting	 to	 cyclize	 such	substrates	with	larger	aliphatic	or	aryl	substituents	on	the	organoboron	precursors.	



















































































































readily	 decomposed	 in	 the	 presence	 of	 water.	 This	 problem	 was	 overcome	 by	foregoing	 the	 aqueous	 workup	 and	 directly	 subjecting	 the	 reaction	 mixture	 to	 a	flash	 plug	 of	 silica,	 allowing	 access	 to	 pure	 material	 in	 moderate	 (2.41)	 to	 good	yields	(2.44).	Once	isolated	and	stored	as	solids	on	the	bench	top,	no	degradation	of	the	products	were	observed.	Using	this	modified	workup	procedure,	primary	(2.39,	
2.43,	 2.44,	 2.45,	 2.46),	 secondary	 (2.40,	 2.41),	 and	 tertiary	 (2.42)	 alkyl-substituted	 azaborines	 were	 isolated.	 N-Alkylated	 diamines	 could	 be	 used	 as	reaction	partners,	affording	the	corresponding	azaborines,	often	in	very	good	yields	(2.44,	2.45,	2.46).	
	With	 the	 primary	 objective	 of	 the	 project	 achieved	 (development	 of	 a	straightforward	method	for	synthesis	of	 the	1,3,2-benzodiazaborole	core	 involving	only	 bench-stable	 partners),	 attention	 was	 next	 focused	 on	 understanding	 the	potential	 value	 and	 versatility	 of	 these	 indole	 isosteres.	 Initially,	 the	 pKa	 of	 the	azaborine	N-H	was	determined	via	bracketing	experiments,	an	NMR	experiment,	in	which	 a	 substrate	 is	 initially	 deprotonated	 via	 strong	 base	 and	 subsequently	exposed	to	proton	sources	of	known	acidity	(Figure	2.2).	The	monoalkylated	1,3,2-benzodiazaborole	2.8	 was	 found	 to	 have	 a	 pKa	 of	 approximately	 18.2	 (in	 DMSO),	because	 it	 was	 observed	 to	 (i)	 remain	 fully	 deprotonated	 in	 the	 presence	 of	trifluoroacetamide	(pKa	of	17.2),	(ii)	fully	reprotonated	in	the	presence	of	pyrazole	(pKa	of	19.6)	and	(iii)	was	observed	as	a	mixture	of	protonated	and	unprotonated	in	
N,N-dimethylacetoacetamide	 (pKa	 of	 18.2).	 This	 value	 falls	 slightly	 lower	 than	 the	pKa	for	indole	(20.9)18	and	significantly	below	the	“fused”	B-N	indole	(around	30)10.	
2.2.2	–	Physical	properties	and	computationally	derived	results	
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Considering	 the	 pKa	 for	 aniline	 (30.6)	 or	 phenylacetamide	 (21.5),	 the	 lower	 pKa	suggests	 that	 1,3,2-benzodiazaborole	 core	 is	 better	 at	 inductively	 stabilizing	 the	negative	charge	generated	upon	deprotonation.	
































































[(A(1)	 and	 B(1)]	 from	 each	 ring	 system	 as	 well	 from	 the	 center	 of	 the	 bicyclic	systems	[Center	(1)]	in	the	perpendicular	direction	(Figure	2.3).	
	The	 electrostatic	 potentials	 of	 indole	 azaborines	 and	 their	 carbon	 analogs	were	 initially	 evaluated	 (Figure	 2.4).	 A	 pictorial	 comparison	 of	 the	 electrostatic	potential	maps	for	both	the	1,3,2-benzodiazaborole	core	and	the	“fused”	B-N	indole	core	explored	by	Liu10	to	similar	6-5	aromatic	ring	systems	suggested	that	they	most	closely	resemble	the	indole	framework.	It	is	visually	apparent	that	both	azaborines	present	a	greater	likeness	to	indole	[compare	2-methyl-indole	(2.47)	and	2-methyl-benzimidazole	 (2.48)	 to	 their	 azaborine	 analogs	 2.39	 and	 2.49],	 supporting	 the	notion	that	the	B-N	bond	displays	some	of	the	electronic	properties	of	a	C=C	bond.	An	 even	 stronger	 likeness	 can	 be	 seen	 when	 comparing	 N-alkylated	 azaborines	
2.44,	 2.50,	 2.51	 and	 2.53,	 respectively.	 The	 strong	 similarity	 between	 the	electrostatic	 potential	 maps	 in	 these	 isosteric	 systems	 presumably	 results	 from	enhanced	 electron	 availability	 from	 the	 methylated	 nitrogen	 within	 the	 5-membered	 ring.	 In	 the	 case	 of	 2.44,	 although	 this	 increased	 electron	 availability	would	enhance	electron	density,	it	would	also	reduce	competitive	conjugation	of	the	lone	 pairs	 of	 the	 now	 desymmetrized	 nitrogen	 atoms.	 Computationally,	 this	 is	observed	by	a	slight	 lengthening	of	 the	MeN-B	bond	(1.439	Å)	as	compared	to	the	HN-B	bond	(1.435	Å).	This	factor	is	also	noticed	in	the	indole	and	“fused”	B-N	indole	
Figure	2.3:		 NICS	values	calculated	
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2.52,	though	to	lesser	extents	(Figure	2.5).	When	taken	together,	these	factors	lead	to	 an	 electronic	 hybrid	 between	 2.50	 and	 2.51	 where	 the	 dimethylated	 1,3,2-benzodiazaborole	 2.44	 core	 closely	 resembles	 the	 A	 ring	 of	 2.51	while	 having	 a	more	similar	B	ring	to	2.50.	









































































































































































The	application	of	a	facile	synthetic	approach	to	the	1,3,2-benzodiazaboroles	highlights	the	ability	to	synthesize	these	azaborine	cores	via	bench-stable	reagents	in	 a	 reaction	 tolerant	 of	 atmospheric	 conditions.	 Furthermore,	 the	 simple	workup	and	 purification	 conditions	 employed	 enable	 rapid	 access	 to	 molecules	 with	valuable	 isosteric	potential.	The	physical	and	computational	data	 suggest	 that	 this	class	 of	 azaborine	 compounds	 indeed	 demonstrates	 aromatic	 tendencies,	 which	could	be	leveraged	for	potential	applications	of	this	core	isostere	of	indole.		




	Early	 synthetic	 efforts	 centered	 on	 accessing	 1,3,2-benzodiazaborininones	derived	 from	 anthranilamide	 2.56.	 Using	 the	 conditions	 established	 from	 prior	work	with	the	similar	3,1,2-benzodiazaboroles,26	the	defluorinative	annulation	with	phenyltrifluoroborate	 was	 met	 with	 success	 (Figure	 2.6-A),	 affording	 2.59.	Unfortunately,	the	fluorophile	used	(BF3•NH2Et)	to	facilitate	the	cyclization	proved	unsuccessful	in	reactions	with	anthranilic	acid,	2.57	(Figure	2.6-B),	or	salicylamide,	




























	A	 brief	 screening	 of	 alternative	 additives	 in	 reaction	 with	 2.56	 and	potassium	phenyltrifluoroborate	revealed	SiO2	to	be	the	optimal	fluorophile	(Table	2.6).	Importantly,	these	same	conditions	could	be	extended	to	both	anthranilic	acid	and	salicylamide	without	modification.	Upon	further	study	of	SiO2	as	a	fluorophile,	












































Fluorophile (3 equiv) 
CPME/toluene (0.5 M)








conditions	 resulted	 in	 conversion	 to	2.59,	 validating	 this	 hypothesis.	 This	 finding	also	explains	 the	benefit	observed	of	dried	SiO2,	 as	 this	 can	 improve	 the	ability	of	SiO2	to	act	as	a	desiccant	in	the	annulation	(whose	byproduct	is	H2O).	This	indicates	two	viable	mechanisms;	one	proceeding	 through	a	difluoro-organoborane	and	 the	
other	via	a	boronic	acid.	Both	may	be	operative	under	SiO2-mediated	annulation,	but	only	the	former	is	possible	when	using	the	anhydrous	BF3•NH2Et	conditions.	With	two	complementary	conditions	in	hand,	the	scope	of	each	approach	was	assessed.	 In	 the	 case	of	 the	1,3,2-benzodiazaborininones	 (Table	2.7)	derived	 from	
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Oa) BF3·NH2Et (3 equiv)
    CPME/toluene (0.3 M)







2.59, a:  88%
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2.62, a: 95% (87%)a
















































b) SiO2 (100 mg/mmol)
    CPME/toluene (0.3 M) 
    60 °C, 16 h
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anthranilamide	and	the	corresponding	potassium	organotrifluoroborates,	a	variety	of	 annulated	 products	 could	 be	 accessed	 using	 either	 protocol.	 Typically,	 the	BF3•NH2Et	conditions	outperformed	SiO2-mediated	cyclizations	(compare	yields	for	




     toluene, reflux, 16 h






































































































     SiO2 (100 mg/mmol)
    CPME/toluene (0.3 M) 
            60 °C, 16 h
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additional	 substrates	 containing	 ketones	 (2.82)	 and	 indoles	 (2.86)	 were	demonstrated	 to	 be	 amenable	 to	 cyclization.	 Alkenyl-	 (2.87)	 and	 alkyl-3,1,2-benzoxazaborinine	 substrates	 (2.88,	 2.89)	 could	 also	 readily	 be	 prepared.	Oftentimes,	inconsistent	conversion	was	observed	upon	isolation	of	the	products,	as	


























2.60	 2.57	 H2O	 DMSO	 2.60	to	2.57	 H2O	to	DMSO	1.00	 0.06	 0.94	 1.00	 0.06	 0.06	1.00	 0.12	 0.89	 1.02	 0.15	 0.13	1.00	 0.32	 0.76	 1.19	 0.34	 0.22	1.00	 0.39	 0.72	 1.12	 0.42	 0.27	0.00	 1.00	 0.00	 1.00	 66.7	 0.99		
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2.79,	2.80,	2.83-2.86,	2.89).	The	 isomeric	 1,3,2-benzoxaborininones	 (Table	 2.9)	 could	 also	 be	 accessed	from	 salicylamide	 (2.58).	 These	 substrates	 were	 typically	 the	 lowest-yielding	members	 of	 the	 azaborininone	 family.	 This	 can	 be	 attributed	 to	 the	 diminished	nucleophilicity	of	an	amidyl	nitrogen	relative	to	an	aniline,	combined	with	lability	of	
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     toluene, reflux, 16 h





    SiO2 (100 mg/mmol)
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2.93, a: < 5%
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	In	 parallel	 to	 developing	 a	 user-friendly	 synthesis	 of	 this	 underexplored	azaborine	class,	we	sought	to	evaluate	their	electronic	properties.	More	specifically,	we	 hoped	 to	 discern	 what,	 if	 any,	 isostructural	 (or	 isoelectronic)	 character	 these	systems	 possessed.	 Indeed,	 many	 possible	 isosteres	 were	 envisioned,	 such	 as	isochromones	 for	 3,1,2-benzoxazaborininones	 or	 isoquinolinones	 for	 1,3,2-benzodiazaborole.	 Compounds	were	 initially	 considered	 on	 an	 isostructural	 basis,	focusing	 on	 the	 structural	 similarities,	 comparing	 B-N/C=C	 and	 the	 analogous	 B-O/C=N.	 Given	 the	 prior	 successes	 in	 analyzing	 the	 1,3,2-benzodiazaborole	 core	using	 quantum	 mechanical	 calculations,26	 computational	 modeling	 was	 used	 to	glean	 insight.	 All	 calculations	 were	 carried	 out	 using	 Gaussian	 09,20	 and	 the	structures	were	visualized	via	WebMO.21	Geometry	optimizations	were	performed	in	the	gas	phase	at	the	B3LYP/6–311+G(2d,p)	level	of	theory.22	The	method	used	for	calculations	 involving	 thermochemical	 values	 (e.g.,	 computed	 pKa)	 of	 the	 various	systems	 involved	(i)	geometry	optimization	and	vibrational	 frequency	calculations	in	 the	 gas	 phase	 at	 the	 B3LYP/6–311+G(2d,p)	 level	 of	 theory	 and	 (ii)	 geometry	optimization	 and	 vibrational	 frequency	 calculations	 in	 implicit	 water	 (H2O)	 using	PCM31	 at	 the	 B3LYP/6–311+G(2d,p)	 level	 of	 theory.	 Stationary	 points	 were	characterized	by	frequency	analysis	at	298.15	K,	with	structures	at	energy	minima	showing	 no	 imaginary	 frequencies.	 To	 probe	 the	 ring	 current	 in	 these	 systems,	nuclear	 independent	 chemical	 shift	 (NICS)	 values	 were	 determined	 at	 the	 GIAO-B3LYP/6-311+G(2d,p)	level	of	theory	at	distances	of	0.0	Å	[A(0)	and	B(0)]	and	1	Å	
2.3.2	–	Computational	evaluation	of	azaborininones	
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[A(1)	 and	 B(1)]	 from	 each	 ring	 system	 as	well	 as	 from	 the	 center	 of	 the	 bicyclic	systems	[Center(1)]	in	the	perpendicular	direction.23		Initial	 computational	 investigations	 focused	 on	 the	 truncated	 cores	 (i.e.,	without	functionalization	on	boron)	to	explore	the	structural	and	electronic	features	in	 comparison	 to	 isostructural	 compounds	 (Table	 2.10).	 1,3,2-Benzodiazaborininone	 2.98,	 isoquinolinone	 2.101	 and	 quinolinone	 2.102	 were	identified	 as	 likely	 isosteres.	 A	 pictorial	 comparison	 of	 the	 electrostatic	 potential	maps	 of	 these	 isosteres	 with	 the	 truncated	 1,3,2-benzodiazaborininone	 2.98	seemed	 to	 indicate	 that	 this	 system	 was	 a	 hybrid	 of	 both	 structures.	 This	 is	 not	altogether	 surprising	 given	 that	nitrogen	 is	well-known	 to	participate	 in	 electron-donation	to	boron.	Indeed,	the	B-N	bond	lengths	in	the	1,3,2-benzodiazaborininone	are	 quite	 uniform	 despite	 the	 nitrogen	 atoms	 being	 in	 vastly	 different	 electronic	environments.	This	is	corroborated	in	the	slight	contraction	seen	in	the	C=O	bond	as	compared	to	isoquinolinone	(2.101),	indicating	diminished	nitrogen	participation	in	the	carbonyl	π-system.	NICS	calculations,	which	provide	a	quantitative	correlation	for	 aromaticity	 using	 “theoretical	 nuclei”	 at	 the	 center	 of	 a	 ring	 system	 to	 probe	electron	shielding,	were	used	for	further	elucidations.23	Specifically,	NICS(1)	values	were	 highlighted	 based	 on	 their	 improved	 ability	 to	 observe	 a	 π-delocalized	aromatic	 ring	 current.	 NICS	 studies	 indicated	 that,	 relative	 to	 its	 isosteres,	 1,3,2-benzodiazaborininone	2.98	has	less	aromatic	character	in	its	B	ring.	This	finding	is	in	 agreement	 with	 prior	 work	 by	 our	 group	 and	 others,	 wherein	 boryl-based	aromatic	 systems	 display	 diminished	 aromatic	 character	when	 compared	 to	 their	indole	counterparts.23a,	26	This	effect	is	less	pronounced	in	the	adjoined	carbon	ring	
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but	is	still	observed.	NICS	values	between	the	two	possible	isosteres	of	this	system	are	 relatively	 similar,	with	2.102	 having	 slightly	 less	 aromatic	 character	 and	 thus	





















isochromenone 1H-quinazolinone  
pKa: 15.3























2.100,	similar	trends	were	observed.	As	a	whole	these	mixed	N,O	systems	displayed	less	 aromatic	 character	 and	 were	 more	 acidic.	 This	 increased	 acidity	 can	 be	attributed	 to	 a	 lower	 secondary	 orbital	 overlap	 with	 boron	 by	 the	 secondary	heteroatom	 (in	 this	 case	oxygen).	The	 lower	participation	of	 electron	donation	by	oxygen	likely	also	relates	to	the	observed,	less	negative,	NICS	values	for	the	B	rings	of	these	systems.	However,	the	isosteric	character	of	these	two	systems	was	not	as	uniform.	 Using	 electrostatic	 potentials,	2.99	more	 closely	 resembles	 isochromone	
2.103,	whereas	2.100	 appears	 to	be	more	of	 a	hybrid	of	 2.105	 and	2.106.	These	trends	 are	 also	 borne	 out	 in	 the	 NICS	 analysis,	 wherein	 2.100	 has	 slightly	 more	aromatic	 character	 than	 2.99,	 indicating	 more	 oxygen	 participation	 in	 the	 ring	system,	thus	providing	more	plausibility	to	B-O/C–N	mimicry.	The	relatively	longer	B-N	bond	seen	in	2.100	also	is	in	line	with	enhanced	oxygen	participation.	However,	the	NICS	value	for	the	B	ring	of	2.100	more	closely	aligns	with	the	B	ring	of	2.106.	The	exact	opposite	is	true	for	the	A	ring,	thus	supporting	the	notion	that	2.100	is	a	hybrid	of	the	two	systems.		To	 probe	 the	 role	 of	 electronics	 in	 these	 systems	 further,	 substitution	 on	boron	 was	 next	 explored	 (Table	 2.11).	 Four	 representative	 B-aryl	 groups	 were	
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As	a	means	of	 correlating	 some	of	 the	observed	computational	 trends	with	experimental	 data,	 NICS	 calculations	 were	 compared	 with	 experimental	 data.	Although	 pKas	would	 have	 been	 ideal,	 the	 instability	 of	 these	 systems	 to	 strongly	basic	 environments	 prohibited	 such	 a	 correlative	 study.	 Instead,	 IR	 and	 NMR	spectroscopy	 were	 used	 as	 a	 means	 of	 quantitatively	 comparing	 calculations	 to	experiment.	Initially,	the	computed	IR	stretching	for	C=O	were	compared	against	the	NICS	values	for	both	rings,	to	determine	if	the	double	bond	character	of	the	carbonyl	would	be	influenced	by	the	aromatic	character	of	the	ring	and	the	relative	electron-donation	propensity	of	 the	adjacent	heteroatom	with	boron.	 It	was	observed	 that,	whereas	 the	 amide-containing	 1,3,2-benzoxazaborininones	 and	 1,3,2-benzodiazaborininones	 were	 readily	 comparable,	 the	 3,1,2-benzoxazaborininones	did	not	trend	with	the	other	members	of	the	azaborininone	class	(Figure	2.9).	This	is	not	 altogether	 that	 surprising	 given	 the	 pseudo-α,β-unsaturated	 character	 of	 the	structures	(via	C-N/C=C	isosterism)	possible	with	the	former	two	systems,	which	is	




and	very	much	electronically	related,	the	ester-like	3,1,2-benzoxazaborininones	are	more	like	their	isochromenone	isosteres.	Comparison	of	the	experimental	values	for	these	systems	provided	some	 level	of	correlation	but,	because	of	 their	complex	 IR	spectrum,	 the	 correlations	 were	 less	 than	 ideal	 (See	 Supporting	 Information	 for	details).	 For	a	more	precise	 correlation,	 13C	NMR	was	used,	which	would	be	quite	sensitive	 to	 electronic	 changes.	 Experimental	 NMR	 values	 correlated	 well	 with	NICS(1)	 values	 in	 both	 rings,	 indicating	 the	 electronic	 shielding	 trends	 observed	computationally	may	indeed	occur	in	these	systems	experimentally	(Figure	2.10).	In	general,	 the	distribution	of	 these	values	was	self-consistent	within	each	structural	class	(i.e.,	bimodal	for	the	two	classes	plotted).	Although	the	B	rings	shows	aromatic	character,	 the	 values	 observed	 for	 the	 A	 ring	 are	 more	 analogous	 to	 aromatic	systems	[NICS(1)	value	of	benzene	is	-10.20].23b	This	 is	similarly	reflected	in	these	





This	 modular	 approach	 to	 the	 synthesis	 of	 the	 azaborininone	 family	 of	azaborines	 provides	 a	 set	 of	 simple	 conditions	 enabling	 various	organotrifluoroborates	 to	 undergo	 facile	 defluorinative	 annulation	 facilitated	 by	inexpensive	fluorophiles.	Alternatively,	boronic	acids	also	undergo	annulation	via	a	more	 classical	 condensation	 route.	 Three	 classes,	 1,3,2-benzodiazaborininones,	1,3,2-benzoxazaborininones,	 and	 3,1,2-benzoxazaborininones,	 can	 be	 prepared	using	 these	 approaches.	 Computational	 methods	 revealed	 some	 similarities	 to	possible	 carbon	 isosteres.	 Whereas	 1,3,2-benzodiazaborininones	 and	 3,1,2-benzoxazaborininones	 appear	 to	 represent	 a	 hybrid	 between	 their	 plausible	isosteres,	 the	 1,3,2-benzoxazaborininones	 seem	 to	 align	 closely	 with	isochromenones.	 Correlations	 between	 computed	NICS	 values	 and	 experimentally	derived	trends	provide	support	for	these	computed	values.		






B-Aryl	 2,1-borazaronaphthalenes	 have	 been	 demonstrated	 to	 have	 good	thermal	 stability,	 along	 with	 tolerance	 to	 both	 acid	 (pH	 2	 at	 37	 °C)	 and	 base	(Cs2CO3/H2O	at	60	°C).34	Further	studies	 that	 focused	on	 the	medicinal	viability	of	the	 2,1-borazaronaphthalene	 have	 subsequently	 found	 that	 B-Me	 2,1-borazaronaphthalene	derivatives	 showed	good	 stability	 in	base	 (>80%	stability	 in	0.1	N	NaOH),	but	showed	a	tendency	to	degrade	in	acid	(0.1	N	HCl).	However,	 it	 is	noted	 that	 overall	 this	 class	 of	 compounds	 represent	 a	 potential	 “bioisosteric	replacement	for	naphthalene	in	drug	discovery	programs”.35	
	One	negative	 feature	observed	within	our	own	program	was	 a	 tendency	of	the	azaborine	to	gradually	decompose	in	solution.	Monitoring	by	1H	NMR,	2-methyl-2,1-borazaronaphthalene	 (2.109),	 was	 noted	 to	 decompose	 in	 both	 deuterated	chloroform	 and	 DMSO,	 within	 a	 week’s	 time	 (Figure	 2.12).	 A	 more	 rapid	decomposition	 was	 observed	 for	 a	 Boc-protected	 tetrahydropyridine	 derivative	(2.110),	 which	 was	 concerning	 as	 this	 compound	 presented	 a	 more	 biologically	


























relevant	scaffold	(Figure	2.13).	These	findings	were	surprising	as	no	decomposition	was	 ever	 observed	 for	 compounds	 that	 were	 stored	 on	 the	 benchtop	 as	 a	 solid.	However,	the	lack	of	long	term	solution	stability	presents	a	critical	problem	as	many	of	 the	 screening	 libraries	at	pharmaceutical	 companies	are	 stored	as	 solutions	 for	easy	dosing,	causing	a	barrier	to	use.36		
	In	 an	 attempt	 to	 understand	 the	 features	 associated	 with	 stability,	 three	electronically	 varied	B-aryl	 2,1-borazaronaphthalene	 cores	were	 studied	 over	 the	period	of	a	month	(Figures	2.14,	2.15	and	2.16).	As	can	be	observed	when	compared	to	 the	 B-alkyl	 2.109	 and	 2.110,	 aryl	 substitution	 off	 boron	 is	 exceedingly	 more	stable.	Nevertheless,	over	a	month’s	time,	decomposition	could	be	observed	(circled	in	purple).	From	this	data,	a	decomposition	rate	could	be	derived	in	comparison	to	an	 internal	 standard	 (4,4'-di-tert-butylbiphenyl)	 (Figure	 2.17),	 which	 was	 then	
Figure	2.12:	 	Time	decomposition	of	2-methyl-2,1-borazaronaphthalene	CDCl3 
DMSO-d6 
3	Weeks 1	Week Start 






3	Weeks 1	Week Start 













translated	 to	 a	 value	 for	 the	 percent	 change	 of	 product	 to	 internal	 standard	 ratio	(%Δ	of	 Prod:IS).	 From	 this	 data,	 it	was	 observed	 that	 the	more	 electron	 deficient	aryl	 ring	 (2.113)	 had	 a	 higher	 tendency	 for	 decomposition,	 as	 compared	 to	 the	electron	neutral	(2.111)	or	electron	rich	substrates	(2.112).		
Figure	2.14:	 	Time	study	of	2-phenyl-2,1-borazaronaphthalene	
` ` 														27	days	 										18	days 								12	days	
























	Because	 electronic	 variation	 of	 the	 2,1-borazaronaphthalene	 compounds	presented	 different	 rates	 of	 decompositions,	 it	 was	 considered	 whether	 the	experimental	rates	could	be	correlated	to	computational	values,	which	would	allow	us	 to	develop	a	model	of	 factors	 for	degradation.	Computational	 comparisons	of	a	subset	 of	B-arylated	molecules	with	 different	 electronic	 functional	 groups	 (Figure	2.18)	could	provide	a	structural-electronic	trend	that	could	then	be	tied	back	to	the	
actual	degradation	data.	Initially,	ground	state	geometry-optimized	core	structures	were	 derived	 at	 the	 B3LYP/6-311+G(2d,p)	 level	 of	 theory20	 using	 Gaussian	 0921	visualized	via	WebMO22.	To	assess	aromaticity,	NICS	values23	were	determined	for	both	A	and	B	rings	and	the	center	of	the	azaborine	core	at	distances	of	0.0	Å	[(A(0),	B(0)	and	Center(0)]	and	1	Å	[(A(1),	B(1)	and	Center(1)]	(Figure	2.19).		

























































Comparing	the	geometry	optimized	2,1-borazaronaphthalene	structures,	the	bond	lengths	presented	an	initial	structural	correlation.	When	comparing	the	bond	lengths	 most	 critically	 influenced	 by	 electronic	 changes,	 the	 boron-aryl	 fragment	(B–R)	was	 found	 to	 have	 an	 inverse	 relationship	 to	 the	 length	 of	 both	 the	 boron-nitrogen	 (B–N)	 and	 boron-carbon	 (B–C)	 bonds	within	 the	 azaborine	 core	 (Figure	2.20).	The	 shorter	B-R	bond	 lengths	were	attributed	 to	 electron	 rich	 substituents,	which	 would	 provide	 better	 orbital	 overlap	 with	 boron’s	 empty	 orbital.	Consequently,	those	systems	would	have	less	electron	donation	from	the	azaborine	ring,	resulting	in	elongated	B–N	and	B-C	bond	lengths.		






















































With	 an	 understanding	 of	 the	 structural	 correlation	 to	 aromaticity,	 we	considered	whether	this	would	correlate	to	the	rate	of	decomposition	data	obtained	for	2.111,	2.112,	 and	2.113.	Gratifyingly,	good	correlation	was	observed	between	both	 the	 changes	 in	 B–C	 and	 B–R	 bond	 lengths	 as	 well	 as	 in	 several	 of	 the	 NICS	values	 (Figure	 2.24).	 Correlation	 to	 B–N	 bond	 length	 was	 limited	 by	 the	 lack	 of	accuracy	available	via	calculation,	as	two	of	the	computational	compounds	were	too	similar	to	actually	calculate	a	difference.	As	expected,	there	was	an	inverse	trend	for	rate	of	decomposition	between	the	B–C	and	B–R	bond	 lengths;	 for	 the	 former,	 the	longer	 bond	 lengths	 coincided	 with	 slower	 decomposition,	 while	 this	 trend	 was	reversed	for	the	latter.	For	the	NICS	values,	there	was	good	correlation	between	B-rings,	at	both	the	plane	of	the	molecule	and	1	Å	above,	as	well	as	with	the	NICS	(1)	





is	good	electronic	 cross-talk	between	 the	 rings,	highlighted	by	 the	NICS(1)	values,	which	provided	a	better	benchmark	for	π-cloud	aromaticity	because	of	the	favorable	proximity	to	the	delocalized	electrons.23	The	center	values	can	become	obscured	by	σ-bond	interference,	demonstrated	by	the	lower	statistical	fit.	Unusual	 was	 the	 counterintuitive	 relationship	 between	 the	 decomposition	rate	 and	 the	 aromaticity	 values;	 the	 azaborine	 with	 the	 highest	 rate	 of	decomposition	 also	 had	 the	 highest	 aromaticity.	 This	 is	 opposite	 from	most	 text-book	 chemistry,	 in	which	 it	 is	 understood	 that	 increasing	 aromaticity	 encourages	stability.37	 We	 are	 not	 the	 first	 to	 observe	 this	 phenomenon	 in	 the	 context	 of	azaborines,25,38	 and	 while	 aromaticity	 (especially	 when	 considered	 from	 ring	current	 delocalization)	 is	 an	 important	 component	 when	 considering	 compound	stability,	 it	 does	 not	 take	 into	 consideration	 other	 factors	 important	 to	 overall	compound	 stability,	 including	 σ-bond	 influences	 and	 modes	 of	 decomposition.	Critically,	 the	most	 important	 factor	correlating	with	stability	was	the	substitution	off	 of	 boron	 (B-R).	 Aryl	 substituents	 were	 far	 more	 tolerable	 and	 remain	 mostly	intact	 after	 a	 month	 in	 solution,	 compared	 to	 B-alkyl	 2,1-borazaronaphthalenes,	which	showed	significant	decomposition	after	one	week.	It	is	important	to	reiterate	that	as	a	solid	on	the	bench-top,	none	of	these	compounds	were	observed	to	show	any	decomposition.	Additionally,	during	the	time	of	this	study,	it	was	observed	that	the	 decomposition	 likely	 proceeds	 via	 a	 light	 mediated	 pathway.	 When	 samples	were	left	in	solution,	with	no	exposure	to	light,	even	B-alkyl	samples	were	found	to	be	stable	for	extended	time	periods.	
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	Confident	 that	 the	 stability	 of	 the	 2,1-borazaronaphthalene	 core	 was	improved	with	B-aromatic	 substitution,	we	 assessed	 the	diversity	 of	 substrates	 at	our	disposal.	One	deficiency	within	the	initial	synthetic	scope	for	accessing	the	2,1-borazaronaphthalene	 core	 was	 the	 lack	 of	 nitrogen-containing	 heterocyclic	functional	motifs,	particularly	substituted	off	of	boron.14	Considering	the	diverse	use	of	 heterocycles	 and	 their	 recognition	 as	 “privileged	 structures”	 for	modulation	 of	biological	 systems,	 this	presented	a	significant	 limitation	of	 the	system.39	A	recent	solution	to	address	this	problem	was	reported	by	Rombouts	et	al.	using	microwave	(µW)	conditions,	which	allowed	the	annulation	of	pyridyl	styrenes	in	high	yields.40	Furthermore,	 they	 reported	 select	 examples	 of	 pyridyltrifluoroborates	 being	successful	in	the	annulation	under	their	conditions.	Despite	this	recent	advance,	we	were	interested	in	finding	a	widely	applicable	set	of	conditions	that	would	allow	the	incorporation	of	a	diverse	array	of	nitrogen-containing	heterocyclic	substructures.	Using	 the	 standard	 reaction	 conditions	 previously	 developed	 by	 our	 group	for	 accessing	 the	 2,1-borazaronaphthalene	 core,14	 initial	 attempts	 to	 condense	nitrogen-containing	 trifluoroborates	 with	 o-aminostyrene	 derivatives	 were	 met	with	 no	 success.	 To	 understand	 why	 nitrogen	 heterocyclic	 trifluoroborates	 were	incompatible	 with	 the	 reported	 conditions,	 pyridine	 was	 added	 in	 increasing	amounts	 to	 the	 reaction	 of	 2-aminostyrene	 (2.118)	 with	 phenyltrifluoroborate	(2.119)	 (Table	 2.12).	 As	 is	 evident	 from	 the	 results	 presented,	 pyridine	 has	 a	marked	inhibitory	effect	on	the	reaction,	which	intensifies	with	increasing	amounts	of	 this	 additive.	 With	 evidence	 in	 hand	 of	 the	 direct	 inhibition	 caused	 by	 added	
2.4.2	–	Access	to	nitrogen-containing,	B-heteroaryl	2,1-borazaronaphthalenes	
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pyridine	 in	 the	 formation	 of	 2-phenyl-2,1-borazaronaphthalene	 (2.120),	 we	surmised	 that	 the	 presence	 of	 Lewis	 basic	 sites	 in	 the	 nitrogen-containing	heterocyclic	 trifluoroborates	 explained	 the	 previous	 lack	 of	 success	 observed	 in	using	them	as	partners	 for	azaborine	synthesis.41	 It	was	therefore	anticipated	that	increasing	 the	 loading	 of	 SiCl4	would	 allow	 the	 reaction	 to	 proceed	 in	 the	 case	 of	heteroaryl-containing	trifluoroborates.	
	
Added	Pyridine	 Prod	:	SMa	0	 Full	conversion	0.5	 66	:	34	1.0	 8	:	92	













































































(2.139),	 demonstrated	 higher	 product	 isolation.	 As	 previously	 mentioned,	 there	was	a	consistent	effect	of	 the	substitution	pattern	off	of	pyridine	when	comparing	
2.134	 and	 2.135	 to	 the	 corresponding	 benzylated	 compounds	 2.125	 and	 2.126.	Isoquinoline	 variants	 (2.133,	 2.146)	 could	 also	 be	 formed	 in	modest	 yield	 using	various	N-alkylated	2-aminostyrene	partners.	Other	substituents	tolerated	off	of	the	styrenyl	 nitrogen	 included	 4-t-Bu-phenyl	 (2.141),	 allyl	 (2.142),	 arylated	 alkyl	(2.144-2.146)	as	well	as	unsubstituted	N-H	(2.143).	




























































































tended	 to	 be	 isolated	 in	 higher	 yield,	 continuing	 to	 suggest	 the	 influence	 of	 π	interactions	on	the	effectiveness	of	the	reaction	or	isolation	process.	Aminopyridyl	styrenes,	 similar	 to	 those	 previously	 reported,40	 were	 also	 amenable	 to	 these	conditions	(2.152-2.155).	
	These	 modified	 reaction	 conditions	 offer	 a	 significant	 increase	 in	 the	substrate	group	tolerability	 for	 the	2,1-borazaronaphthalene	annulation	of	various	










































































General	 considerations:	 All	 reactions	 were	 carried	 out	 under	 an	 inert	atmosphere	of	nitrogen	or	argon	 in	oven-dried	glassware,	unless	otherwise	noted.	Toluene	and	cyclopentyl	methyl	ether	(CPME)	were	dried	using	a	J.	C.	Meyer	solvent	system.	MeCN	was	purchased	dry	and	used	as	received.	Et3N	was	distilled	prior	to	use	 and	 stored	 over	 activated	 molecular	 sieves.	 O-Phenylenediamine	 (99%)	 was	recrystallized	 from	 toluene.	 All	 other	 reagents	were	 purchased	 commercially	 and	
2.5	–	Conclusions	
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used	 as	 received,	 unless	 otherwise	 noted.	 Standard	 flash	 chromatography	procedures	were	 followed	using	32-63	µm	silica	gel.	Column	chromatography	was	performed	by	Combiflash(R)	 using	RediSep	Rf	Gold	Normal-Phase	Silica(R)	 columns	or	Alumina	Basic	columns.	Melting	points	(°C)	are	uncorrected.	HRMS	data	(ESI-,	EI-	or	CI-TOF)	were	 recorded	using	CH2Cl2,	MeCN	or	MeOH	as	 the	 solvent.	 IR	 spectra	were	recorded	using	FTIR-ATR	of	 the	neat	oil	or	solid	products.	NMR	spectra	 (1H,	
13C	{1H},	11B,	19F	{1H})	were	performed	at	298	K.	1H	(500.4	MHz)	and	13C	{1H}	(125.8	MHz)	NMR	chemical	shifts	are	reported	relative	to	internal	TMS	(δ	=	0.00	ppm)	or	to	residual	protiated	solvent.	Any	observed	splitting	in	the	13C	{1H}	NMR	spectra,	is	due	to	13C-19F	coupling.	11B	(128.4	MHz)	and	19F	{1H}	NMR	(470.8	MHz)	chemical	shifts	were	referenced	to	external	BF3•Et2O	(0.0	ppm)	and	CFCl3	(0.0	ppm),	respectively.	Data	 are	 presented	 as	 follows:	 chemical	 shift	 (ppm),	multiplicity	 (s	 =	 singlet,	 d	 =	doublet,	 t	=	 triplet,	q	=	quartet,	 sept	=	septet,	m	=	multiplet,	br	=	broad),	coupling	constant	J	(Hz)	and	integration.	
	
General	 procedure	 for	 synthesis	 of	 aryl	 1,3,2-benzodiazaboroles	 (2.5-











0.5 M, 80 °C, 16 h
R2 R2
R = H, Me
R1 R1
	63	
added,	and	the	reaction	was	heated	to	80	°C.	Upon	stirring	overnight,	 the	reaction	was	diluted	with	5	mL	of	saturated	NaHCO3	and	extracted	with	EtOAc	(2	x	5	mL).	The	 organic	 phase	 was	 washed	 with	 brine	 and	 dried	 (MgSO4),	 before	 being	condensed	under	vacuum	to	afford	the	azaborine.	
	
2-Phenyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.5).	 30	 mmol	 scale	reaction	run	in	a	200	mL	round	bottom	flask.	Obtained	as	a	tan	solid	(4.949	g,	85%);	mp:	198-200	°C;	 1H	NMR	(CDCl3,	500.4	MHz):	𝛿	7.76-7.74	(m,	2H),	7.49	–	7.41	(m,	




2-(o-Tolyl)-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.6).	 Obtained	 as	 a	 tan	solid	(173	mg,	83%);	mp:	107-110	°C;	1H	NMR	(CDCl3,	500.4	MHz):	𝛿	7.65	(d,	J	=	7.3	






















7.18-7.07	(m,	3H),	7.03	(td,	 J	=	7.6,	1.3	Hz,	1H),	6.66	(s,	1H),	3.52	(s,	3H)	ppm;	13C	{1H}	 NMR	 (CDCl3,	 125.8	 MHz):	 𝛿	 139.1,	 135.9,	 133.8,	 129.2,	 128.2,	 119.3,	 119.3,	
110.1,	 106.8,	 30.0	 ppm;	 11B	 NMR	 (MeCN,	 128.4	MHz):	 𝛿	 28.8	 ppm;	 IR:	 ν	 =	 3431,	









































(d,	J	=	248.4	Hz),	139.0,	135.8,	135.6	(d,	J	=	7.9	Hz),	119.4,	119.4,	115.4	(d,	J	=	19.9	Hz),	 110.9,	 108.9,	 30.0	ppm;	 19F	 {1H}	NMR	 (CDCl3,	 282.4	MHz):	𝛿	 -112.5	ppm;	 11B	
NMR	(MeCN,	128.4	MHz):	𝛿	28.0	ppm;	IR:	ν	=	3437,	3054,	2910,	1596,	1397,	1217,	
830,	 738,	 576	 cm-1;	 HRMS	 (CI)	 m/z	 calc.	 for	 C13H12BN2F	 [M]+	 226.1078,	 found	226.1080.	
	
2-(3-Vinylphenyl)-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.12).	 Obtained	 as	a	light	brown	solid	(162	mg,	73%);	mp:	119-121	°C;	1H	NMR	(DMSO-d6,	500.4	MHz):	
δ	9.16	(s,	2H),	8.05	(s,	1H),	7.80	(d,	J	=	7.2	Hz,	1H),	7.48	(d,	J	=	7.7	Hz,	1H),	7.40	(t,	J	=	7.5	Hz,	1H),	7.09	–	7.02	(m,	2H),	6.84	–	6.81	(m,	2H),	6.77	(dd,	 J	=	17.5,	10.8	Hz,	1H),	5.92	(d,	J	=	17.6	Hz,	1H),	5.31	(d,	J	=	10.9	Hz,	1H)	ppm;	13C	{1H}	NMR	(DMSO-d6,	125.8	MHz):	 𝛿	 137.1,	 136.9,	 136.5,	 133.0,	 131.1,	 128.2,	 127.3,	 118.3,	 114.1,	 110.8	













904,	 746,	 688,	 564	 cm-1;	 HRMS	 (CI)	 m/z	 calc.	 for	 C14H14BN2	 [M	 +	 H]+	 221.1250,	found	221.1244.	
	
2-(2-Methoxyphenyl)-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.13).	Obtained	as	 a	 tan	 solid	 (175	mg,	 78%);	mp:	 123-124	 °C;	 1H	NMR	 (DMSO-d6,	 500.4	MHz):	𝛿	
8.77	(s,	2H),	7.86	(d,	J	=	7.2	Hz,	1H),	7.39	(t,	J	=	7.7	Hz,	1H),	7.11	(dd,	J	=	5.7,	3.3	Hz,	2H),	7.05	–	6.95	 (m,	2H),	6.81	 (dd,	 J	 =	5.8,	3.2	Hz,	2H),	3.89	 (s,	3H)	ppm;	 13C	 {1H}	NMR	(DMSO-d6,	125.8	MHz):	𝛿	163.2,	136.9,	135.3,	131.0,	120.1,	118.0,	110.7,	110.4,	
55.0	ppm;	11B	NMR	(MeCN,	128.4	MHz):	𝛿	27.4	ppm;	IR:	ν	=	3460,	3423,	1598,	1418,	



















2-(3-Methoxyphenyl)-1-methyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.15).	Obtained	as	a	dark	brown	solid	(191	mg,	80%);	mp:	86-88	°C;	1H	NMR	(CDCl3,	500.4	MHz):	𝛿	7.40	(t,	 J	=	7.4	Hz,	1H),	7.30	(d,	 J	=	7.4	Hz,	1H),	7.25	(s,	1H),	7.14-7.04	(m,	

















































737,	 687	 cm-1;	 HRMS	 (CI)	 m/z	 calc.	 for	 C12H11BN3O2	 [M+H]+	 240.0944,	 found	240.0937.	
	
2-(3-Cyanophenyl)-2,3-dihydro-1H-1,3,2-benzodiazaborole	(2.20).	Obtained	as	a	 tan	solid	 (53	mg,	24%);	mp:	195-196	 °C;	 1H	NMR	(CDCl3,	500.4	MHz):	𝛿	8.01	 (s,	
1H),	7.94	(dt,	J	=	7.5,	1.3	Hz,	1H),	7.71	(dt,	J	=	7.8,	1.5	Hz,	1H),	7.54	(td,	J	=	7.6,	0.7	Hz,	1H),	7.19	–	7.13	 (m,	2H),	7.01	 (dd,	 J	 =	5.7,	3.1	Hz,	2H),	6.86	 (s,	2H)	ppm;	 13C	 {1H}	NMR	 (CDCl3,	 125.8	MHz):	 𝛿 137.2,	 136.7,	 136.1,	 133.0,	 129.0,	 120.1,	 119.1,	 112.7,	














2232,	 1434,	 1273,	 745,	 693,	 561	 cm-1;	HRMS	 (CI)	m/z	 calc.	 for	C13H11BN3	 [M+H]+	220.1046,	found	220.1048.	
	
2-(Thiophen-3-yl)-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.21).	 Obtained	 as	a	 tan	solid	 (128	mg,	64%);	mp:	221-222	°C;	 1H	NMR	(CDCl3,	500.4	MHz):	𝛿	7.75	–	






















2-(Furan-2-yl)-1-methyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.23).	Product	 further	 purified	 via	 a	 plug	 of	 silica	 with	 hexane/EtOAc	 (4:1)	 as	 eluent.	Obtained	 as	 a	 brown	 solid	 (144	 mg,	 73%);	 mp:	 73-75	 °C;	 1H	 NMR	 (CDCl3,	 500.4	MHz):	𝛿	7.75	(s,	1H),	7.60	(d,	J	=	1.4	Hz,	1H),	7.06-7.03	(m,	3H)	6.99	(dt,	J	=7.4,	1.4	




5-Methyl-2-phenyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	(2.25).	Obtained	as	a	 tan	 solid	 (164	mg,	 79%);	mp:	 212-214	 °C;	1H	 NMR	 (CDCl3	with	 1%	 TMS,	 500.4	MHz):	𝛿	7.74-7.71	(m,	2H),	7.44-7.41	(m,	3H),	7.00	(dd,	J	=	7.9,	3.4	Hz,	1H),	6.94	(s,	
1H),	6.79	(d,	J	=	7.9	Hz,	1H),	6.69	(s,	2H),	2.40	(d,	J	=	3.4	Hz,	3H)	ppm;	13C	{1H}	NMR	(CDCl3	with	1%	TMS,	125.8	MHz,):	𝛿	136.6,	134.2,	133.1,	129.8,	129.0,	128.3,	120.1,	


















(d,	J	=	233.9	Hz),	136.9	(d,	J	=	11.9	Hz),	133.1,	132.6,	130.0,	128.4,	110.7	(d,	J	=	9.9	Hz),	105.8	 (d,	 J	 =	24.1	Hz),	99.0	 (d,	 J	 =	26.8	Hz)	ppm;	 19F	 {1H}	NMR	(CDCl3,	 282.4	MHz):	𝛿	-124.9	ppm;	11B	NMR	(MeCN,	128.4	MHz):	𝛿	29.2	ppm;	IR:	ν	=	3441,	1424,	
1365,	 1255,	 1139,	 700,	 587	 cm-1;	 HRMS	 (CI)	 m/z	 calc.	 for	 C12H11BN2F	 [M	 +	 H]+	213.0999,	found	213.1000.	
	
5-Bromo-2-phenyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.27).	 8	 mmol	scale	 reaction	 run	 in	 a	20	mL	microwave	vial.	Obtained	as	 a	brown	solid.	 (1.64	g,	76%);	mp:	157-159	°C;	1H	NMR	(CDCl3,	500.4	MHz):	𝛿	7.77	–	7.63	(m,	2H),	7.45	(d,	J	
=	6.0	Hz,	3H),	7.24	(s,	1H),	7.12	–	7.05	(m,	1H),	6.97	(d,	J	=	7.9	Hz,	1H),	6.77	(s,	2H)	ppm;	 13C	 {1H}	NMR	(CDCl3,	125.8	MHz):	𝛿	137.8,	135.5,	133.2,	130.2,	128.4,	122.2,	
















5-Phenylcarbonyl-2-phenyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.28).	 8	mmol	 scale	 reaction	 run	 in	 a	 20	mL	microwave	 vial.	 Product	 further	 purified	 via	recrystallization	 from	 boiling	 toluene.	 Obtained	 as	 a	 burnt-orange	 solid	 (1.31	 g,	55%);	mp:	186-187	°C;	1H	NMR	(DMSO-d6,	500.4	MHz):	𝛿	9.68	(s,	1H),	9.44	(s,	1H),	




5-Nitro-2-phenyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.29).	 Product	further	 purified	 via	 recrystallization	 from	 boiling	 toluene.	 Obtained	 as	 an	 orange	solid	(148	mg,	62%);	mp:	195-196	°C;	1H	NMR	(DMSO-d6,	500.4	MHz):	𝛿	9.97	(s,	1H),	
9.70	(s,	1H),	7.94	–	7.86	(m,	4H),	7.50	–	7.45	(m,	3H),	7.20	(d,	J	=	8.5	Hz,	1H)	ppm;	13C	{1H}	NMR	(DMSO-d6,	125.8	MHz):	𝛿	143.7,	139.8,	137.1,	133.6,	130.2,	128.1,	116.0,	
















2-Phenyl-2,3-dihydro-1H-1,3,2-naphthodiazaborole	 (2.30).	 Product	 further	purified	via	recrystallization	from	boiling	toluene.	Obtained	as	a	tan	solid	(33.5	mg,	14%);	mp:	>250	°C;	1H	NMR	(DMSO-d6,	500.4	MHz):	𝛿	9.30	(s,	2H),	8.00	–	7.95	(m,	
2H),	7.77	(dd,	J	=	6.6,	3.3	Hz,	2H),	7.48	–	7.44	(m,	3H),	7.42	(s,	2H),	7.22	(dd,	J	=	6.9,	3.1	Hz,	2H)	ppm;	13C	{1H}	NMR	(DMSO-d6,	125.8	MHz):	𝛿	139.0,	133.7,	129.9,	128.6,	
128.0,	126.4,	122.0,	105.4	ppm;	11B	NMR	(MeCN,	128.4	MHz):	𝛿	30.8	ppm;	IR:	ν	=	
3429,	 1435,	 862,	 695,	 588	 cm-1;	 HRMS	 (CI)	 m/z	 calc.	 for	 C16H14BN2	 [M+H]+	245.1250,	found	245.1252.	
	
General	 procedure	 for	 synthesis	 of	 alkyl	 and	 alkenyl	 1,3,2-















0.5 M, 80 °C, 16 h
R R




(E)-2-(Prop-1-en-1-yl)-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.31).	Obtained	 as	 a	 brown	 solid	 (110	mg,	 70%);	 mp:	 72-74	 °C;	 1H	 NMR	 (CDCl3,	 500.4	MHz):	𝛿	7.05	(dd,	J	=	5.7,	3.3	Hz,	2H),	6.94	(dd,	 J	=	5.8,	3.2	Hz,	2H),	6.60	–	6.33	(m,	
3H),	 5.90	 (d,	 J	 =	 17.7	Hz,	 1H),	 1.95	 (d,	 J	 =	 6.4	Hz,	 3H)	ppm;	 13C	 {1H}	NMR	 (CDCl3,	125.8	MHz):	𝛿	143.8,	136.3,	119.1,	110.9,	22.1	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	𝛿	


















2-Vinyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.33).	 Product	 further	purified	 via	 a	 plug	 of	 silica	with	 hexane/EtOAc	 (4:1)	 as	 eluent.	 Obtained	 as	 a	 tan	solid	(97	mg,	68%);	mp:	106-108	°C;	1H	NMR	(CDCl3,	500.4	MHz):	𝛿	7.05	(dt,	J	=	7.3,	
3.6	Hz,	2H),	6.94	(dd,	J	=	5.7,	3.2	Hz,	2H),	6.52	(s,	2H),	6.31	(dd,	Jtrans	=	20.0,	Jcis	=	13.7	Hz,	1H),	6.08	–	5.85	(m,	2H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	𝛿	136.1,	131.8,	
119.4,	111.1	ppm;	 11B	NMR	(MeCN,	128.4	MHz):	𝛿	27.5	ppm;	 IR:	ν	=	3415,	3054,	
1615,	 1407,	 1270,	 954,	 750,	 631	 cm-1;	 HRMS	 (CI)	 m/z	 calc.	 for	 C8H9BN2	 [M]+	144.0859,	found	144.0849.	
	
2-(1-Propynyl)-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.34).	 Obtained	 as	 a	white	 solid	 (122	mg,	 78%);	mp:	 130-131	 °C;	 1H	NMR	 (CDCl3,	 500.4	MHz):	𝛿	 7.06-
7.03	(m,	2H),	6.96	(dd,	 J	=	5.7,	3.2	Hz,	2H),	6.59	(s,	2H),	2.02	(s,	3H)	ppm;	13C	{1H}	NMR	 (CDCl3,	 125.8	MHz):	 𝛿	 135.5,	 119.7,	 111.2,	 5.0	 ppm;	 11B	 NMR	 (MeCN,	 128.4	















7.02-6.99	(m,	2H),	6.96	(dt,	J	=	7.1,	2.7	Hz,	1H),	6.50	(s,	1H),	6.41	(dd,	J	=	18.6,	15.5	Hz,	 1H),	 5.98	 (d,	 J	 =	 18.6	Hz,	 2H),	 3.40,	 (s,	 3H)	 ppm;	 13C	 {1H}	NMR	 (CDCl3,	 125.8	MHz):	𝛿	135.8,	131.8,	119.2,	119.1,	110.7,	108.5,	29.5	ppm;	11B	NMR	(MeCN,	128.4	
MHz):	𝛿	 26.71	ppm;	 IR:	 ν	 =	 3428,	 3054,	 2930,	 1614,	 1443,	 1399,	 1010,	 733	 cm-1;	
HRMS	(CI)	m/z	calc.	for	C9H12BN2	[M	+	H]+	159.1094,	found	159.1090.	
	
(E)-1-Methyl-2-(prop-1-en-1-yl)-2,3-dihydro-1H-1,3,2-benzodiazaborole	(2.36).	 Obtained	 as	 a	 dark	 brown	 solid	 (153	 mg,	 89%);	 mp:	 81-85	 °C;	 1H	 NMR	(CDCl3,	500.4	MHz):	𝛿	7.02	(d,	J	=	7.5	Hz,	1H),	6.99	(d,	J	=	3.4	Hz,	2H),	6.94	(dd,	J	=	7.0,	















1-Phenyl-2-vinyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.37).	 10	 mmol	scale	reaction	run	in	a	50	mL	round	bottom	flask.	Product	was	further	purified	via	combiflash	with	hexane/EtOAc	as	solvents.	Obtained	as	a	deep	red	oil	(0.93	g,	42%);	
1H	NMR	(CDCl3,	500.4	MHz):	𝛿	7.47	(t,	J	=	7.1	Hz,	2H),	7.40	–	7.29	(m,	3H),	7.13	(d,	J	=	




(E)-1-Phenyl-2-(1-propenyl)-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.38).	Product	 further	 purified	 via	 a	 plug	 of	 silica	 with	 hexane/EtOAc	 (4:1)	 as	 eluent.	Obtained	as	a	red	solid	(178	mg,	76%);	mp:	61-63	°C;	1H	NMR	(CDCl3,	500.4	MHz):	𝛿	
7.53	–	7.43	(m,	2H),	7.40	–	7.29	(m,	3H),	7.13	–	7.08	(m,	1H),	7.08	–	7.03	(m,	1H),	7.03	–	6.97	(m,	1H),	6.96	–	6.90	(m,	1H),	6.59	(s,	1H),	6.49	–	6.34	(m,	1H),	5.84	(d,	J	=	18.9	Hz,	1H),	1.91	–	1.84	(m,	3H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	𝛿	144.5,	















2-Methyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.39).	 Product	 further	purified	 via	 a	 plug	 of	 silica	with	 hexane/EtOAc	 (4:1)	 as	 eluent.	 Obtained	 as	 a	 tan	solid	(94	mg,	71%);	mp:	67-68	°C;	1H	NMR	(CDCl3,	500.4	MHz):	𝛿	7.00	(dd,	J	=	5.7,	3.2	
Hz,	2H),	6.91	(dd,	J	=	5.7,	3.2	Hz,	2H),	6.30,	(s,	2H),	0.63	(s,	3H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	𝛿	136.4,	118.9,	110.5	ppm;	11B	NMR	(MeCN,	128.4	MHz):	𝛿	30.3	
ppm;	 IR:	 ν	 =	 3421,	 3385,	 3054,	 2905,	 1612,	 1263,	 739,	 600	 cm-1;	HRMS	 (CI)	m/z	calc.	for	C7H8BN2	[M	-	H]-	131.0781,	found	131.0783.	
	
2-Isopropyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.40).	 Product	 further	purified	 via	 a	 plug	 of	 silica	with	 hexane/EtOAc	 (4:1)	 as	 eluent.	 Obtained	 as	 a	 tan	solid	(107	mg,	67%);	mp:	78-79	°C;	1H	NMR	(CDCl3,	500.4	MHz):	𝛿	7.07	–	6.97	(m,	
2H),	6.94	–	6.86	(m,	2H),	6.31	(s,	2H),	1.52	(sept,	J	=	7.4	Hz,	1H),	1.15	(d,	J	=	6.7	Hz,	6H)	 ppm;	 13C	 {1H}	NMR	 (CDCl3,	 125.8	MHz):	 𝛿	 136.2,	 119.0,	 110.8,	 20.1	 ppm;	 11B	
NMR	(MeCN,	128.4	MHz):	𝛿	32.4	ppm;	IR:	ν	=	3432,	3385,	3186,	2945,	1458,	1431,	














2-Cyclopropyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.41).	 Product	 further	purified	via	 a	plug	of	silica	with	hexane/EtOAc	(4:1)	as	eluent.	Obtained	as	a	dark	brown	solid	(90	mg,	57%);	mp:	64-66	°C;	1H	NMR	(CDCl3,	500.4	MHz):	𝛿	7.01	–	6.94	
(m,	2H),	6.92	–	6.86	(m,	2H),	6.15	(s,	2H),	0.82	(dt,	J	=	9.4,	3.8	Hz,	2H),	0.50	(dd,	J	=	6.6,	3.8	Hz,	2H),	0.21	(tt,	J	=	9.4,	6.3	Hz,	1H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	𝛿	
136.3,	118.9,	110.5,	5.6	ppm;	11B	NMR	(MeCN,	128.4	MHz):	𝛿	31.2	ppm;	IR:	ν	=	3414,	
2998,	 2925,	 1440,	 900,	 733,	 588	 cm-1;	 HRMS	 (CI)	 m/z	 calc.	 for	 C9H11BN2	 [M]+	158.1015,	found	158.1008.	
	
2-(tert-Butyl)-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.42).	 0.5	 mmol	 scale	reaction.	 Product	 further	 purified	 via	 a	 plug	 of	 silica	with	 hexane/EtOAc	 (4:1)	 as	eluent.	Obtained	as	a	tan	solid	(63	mg,	72%);	mp:	90-91	°C;	1H	NMR	(CDCl3,	500.4	MHz):	𝛿	7.05	–	6.99	(m,	2H),	6.95	–	6.88	(m,	2H),	6.26	(s,	2H),	1.13	(s,	9H)	ppm;	13C	















2-Phenethyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.43).	 Obtained	 as	 a	brown	solid	(198	mg,	89%);	mp:	112-114	°C;	1H	NMR	(CDCl3,	500.4	MHz):	𝛿	7.31	(t,	J	
=	7.5	Hz,	2H),	7.27	(d,	J	=	1.4	Hz,	2H),	7.21	(t,	J	=	7.2	Hz,	1H),	7.00	(dd,	J	=	5.7,	3.2	Hz,	2H),	6.91	(dd,	J	=	5.7,	3.2	Hz,	2H),	6.29	(s,	2H),	2.90	(t,	J	=	8.1	Hz,	2H),	1.59	(t,	J	=	8.1	Hz,	2H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	𝛿	144.4,	136.2,	128.6,	128.1,	125.9,	
119.0,	 110.7,	 32.0	 ppm;	 11B	NMR	 (MeCN,	 128.4	MHz):	 𝛿	 31.0	 ppm;	 IR:	ν	 =	 3433,	
2925,	1434,	1267,	732,	593	cm-1;	HRMS	(CI)	m/z	calc.	for	C14H15BN2	[M]+	222.1328,	found	222.1328.	
	
1,2-Dimethyl-2,3-dihydro-1H-1,3,2-benzodiazaborole	 (2.44).	 5	 mmol	 scale	reaction	 run	 in	 a	 20	mL	microwave	 vial.	 Obtained	 as	 a	 dark	 brown	 solid	 (0.66	 g,	90%);	mp:	80-82	°C;	1H	NMR	(CDCl3,	500.4	MHz):	𝛿	7.04	–	6.96	(m,	3H),	6.96	–	6.90	







































Procedure	 A	 –	 Cyclization	 of	 potassium	 organotrifluoroborates	
activated	with	BF3·EtNH2	to	form	1,3,2-benzodiazaborininones.	To	a	microwave	vial	 with	 a	 stir	 bar	 was	 added	 anthranilamide	 (1.0	 equiv)	 and	 the	 appropriate	potassium	organotrifluoroborate	(1.05	equiv)	along	with	BF3·EtNH2	(3.0	equiv).	The	reaction	vessel	was	capped	and	purged	with	argon,	upon	which	CPME	and	toluene	were	added	in	a	1:1	mixture	(3	mL/mmol).	The	reaction	was	then	heated	at	80	°C	for	 16	 h.	 Upon	 cooling	 to	 rt,	 the	 reaction	 mixture	 was	 washed	 with	 an	 aqueous	solution	 of	 NaHCO3,	 extracted	 with	 EtOAc,	 and	 dried	 (MgSO4),	 before	 being	concentrated	 to	 afford	 the	 azaborininone	 product.	 If	 needed,	 the	 product	 was	further	purified	by	passage	of	the	crude	matter	through	a	short	pad	of	silica,	using	a	9:1	mixture	of	hexane/EtOAc	as	eluent.	
	
Procedure	 B-1	 –	 Cyclization	 of	 potassium	 organotrifluoroborates	





























2-Phenyl-1,3,2-benzodiazaborininone	 (2.59).	 Obtained	 as	 a	 white	 solid	 by	procedure	A	(195	mg,	88%,	1.0	mmol	scale)	and	procedure	B-1	(113	mg,	51%,	1.0	mmol	scale);	mp:	206-208	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.27	(d,	J	=	7.9	Hz,	1H),	7.70	(d,	J	=	7.5	Hz,	2H),	7.61	–	7.44	(m,	5H),	7.18	(t,	J	=	7.6	Hz,	1H),	7.12	(d,	J	=	8.1	Hz,	1H),	 6.81	 (s,	 1H)	 ppm;	 13C	 {1H}	 NMR	 (CDCl3,	 125.8	 MHz):	 δ	 166.9,	 144.4,	 134.1,	132.0,	131.2,	129.4,	128.7,	122.1,	119.1,	117.8	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	29.4	ppm;	IR:	ν	=	3347,	3245,	1635,	1612,	1526,	1484,	1270,	747,	686	cm-1;	HRMS	(CI)	m/z	calc.	for	C13H11BN2O	[M]+	223.1043,	found	223.1043.	
	













1614,	 1516,	 1484,	 1455,	 745,	 723	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	 C14H14BN2O	[M+H]+	237.1199,	found	237.1193.	
	
2-(2,6-Fluorophenyl)-1,3,2-benzodiazaborininone	 (2.63).	Obtained	 as	 a	 beige	solid	 by	 procedure	 A	 after	 recrystallization	 from	 EtOAc	 (150	mg,	 58%,	 1.0	mmol	scale);	mp:	164-165	°C;	1H	NMR	(acetone-d6,	500.4	MHz):	δ	8.59	(s,	1H),	8.55	(s,	1H),	8.15	(d,	J	=	7.9	Hz,	1H),	7.64	–	7.50	(m,	2H),	7.42	(d,	J	=	8.1	Hz,	1H),	7.18	(t,	J	=	7.5	Hz,	1H),	7.05	(t,	J	=	7.8	Hz,	2H)	ppm;	13C	{1H}	NMR	(DMSO-d6,	125.8	MHz):	δ	165.9,	164.8	(dd,	 J	 =	 244.6,	 13.7	 Hz),	 145.4,	 133.9,	 133.1	 (t,	 J	 =	 10.1	 Hz),	 128.4,	 121.8,	 119.4,	118.5,	111.6	(dd,	J	=	22.7,	5.3	Hz)	ppm;	19F	{1H}	NMR	(acetone-d6,	470.8	MHz):	δ	-103.6	 ppm;	 11B	NMR	 (acetone-d6,	 128.4	MHz):	δ	 28.0	 ppm;	 IR:	ν	 =	 3438,	 3362,	1666,	1616,	1454,	982,	762,	750,	720	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C13H10BN2OF2	[M+H]+	259.0854,	found	259.0862.	
	

















2-(4-Methoxyphenyl)-1,3,2-benzodiazaborininone	 (2.65).	Obtained	as	a	white	solid	by	procedure	A	(82	mg,	65%,	0.5	mmol	scale)	and	procedure	B-1	(58	mg,	68%,	0.5	mmol	scale);	mp:	215-217	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.26	(d,	J	=	7.9	Hz,	1H),	7.65	(d,	J	=	8.5	Hz,	2H),	7.56	(dt,	J	=	7.8,	1.5	Hz,	1H),	7.52	(s,	1H),	7.17	(t,	J	=	7.6	Hz,	1H),	7.10	(d,	 J	=	8.1	Hz,	1H),	7.02	(d,	 J	=	8.5	Hz,	2H),	6.73	(s,	1H),	3.88	(s,	3H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	166.8,	162.2,	144.6,	134.0,	133.7,	129.4,	121.9,	119.0,	117.6,	114.4,	55.4	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	29.2	ppm;	IR:	
ν	=	3352,	3290,	1640,	1602,	1507,	1487,	1242,	1179,	753	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C14H1410BN2O2	[M+H]+	252.1185,	found	252.1187.	
	















{1H}	NMR	 (DMSO-d6,	 470.8	MHz):	δ	 -63.1	 ppm;	 11B	NMR	 (CDCl3,	 128.4	MHz):	δ	28.5	ppm;	IR:	ν	=	3333,	3245,	,1630,	1616,	1316,	1110,	1066,	763,	526	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C14H11BN2OF3	[M+H]+	291.0917,	found	291.0916.	
	
2-(4-Bromophenyl)-1,3,2-benzodiazaborininone	 (2.67).	 Obtained	 as	 a	 white	solid	by	modification	to	procedure	A	as	2.67	was	not	particularly	soluble	in	EtOAc.	As	 a	 result,	 some	 product	 could	 be	 collected	 as	 a	 precipitate	 from	 the	 aqueous	workup	 (273	 mg,	 91%,	 1.0	 mmol	 scale);	 mp:	 >260	 °C;	 1H	 NMR	 (DMSO-d6,	 500.4	MHz):	δ	9.73	(s,	1H),	9.36	(s,	1H),	8.04	–	7.95	(m,	3H),	7.65	(d,	J	=	8.3	Hz,	2H),	7.60	–	7.53	 (m,	 1H),	 7.40	 (d,	 J	 =	 8.0	Hz,	 1H),	 7.10	 (t,	 J	 =	 7.3	Hz,	 1H)	 ppm;	 13C	 {1H}	NMR	(DMSO-d6,	 125.8	 MHz):	 δ	 166.6,	 145.7,	 135.8,	 133.8,	 131.1,	 128.3,	 125.0,	 121.3,	119.2,	118.5	ppm;	11B	NMR	(THF,	128.4	MHz):	δ	29.4	ppm;	IR:	ν	=	3331,	3240,	1615,	1486,	 1269,	 753,	 717,	 528	 cm-1;	HRMS	 (ESI+)	m/z	 calc.	 for	 C13H11BN2OBr	 [M+H]+	301.0148,	found	301.0157.	
	














9.38	(s,	1H),	9.17	(s,	1H),	7.99	(d,	J	=	7.9	Hz,	1H),	7.61	–	7.50	(m,	1H),	7.42	(d,	J	=	8.2	Hz,	1H),	7.19	–	7.12	(m,	2H),	7.12	–	7.04	(m,	2H),	6.70	(d,	J	=	7.7	Hz,	1H),	4.92	(s,	2H)	ppm;	 13C	 {1H}	 NMR	 (DMSO-d6,	 125.8	 MHz):	 δ	 166.6,	 148.3,	 146.0,	 133.6,	 128.7,	128.2,	121.5,	121.0,	119.1,	118.5,	116.6,	99.9	ppm;	11B	NMR	(MeCN,	128.4	MHz):	δ	30.1	ppm;	IR:	ν	=	3395,	3292,	3211,	1657,	1608,	1526,	1484,	757,	509	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C13H12BN3ONa	[M+Na]+	260.0971,	found	260.0984.	
	
2-(3-(Methoxycarbonyl)phenyl)-1,3,2-benzodiazaborininone	 (2.69).	 Obtained	as	a	white	solid	by	modification	to	procedure	A	as	2.69	was	not	particularly	soluble	in	 EtOAc.	 As	 a	 result	 some	 product	 was	 also	 collected	 as	 a	 precipitate	 from	 the	aqueous	workup	(258	mg,	92%,	1.0	mmol	scale);	mp:	234-235	°C;	1H	NMR	(DMSO-









2-(3-Cyanophenyl)-1,3,2-benzodiazaborininone	 (2.70).	 Obtained	 as	 a	 white	solid	by	procedure	A	after	purifying	via	plug	of	silica	gel	with	EtOAc/hexane	(1:1)	as	eluent	 (138	 mg,	 56%,	 1.0	 mmol	 scale);	 mp:	 >	 260	 °C;	 1H	 NMR	 (DMSO-d6,	 500.4	MHz):	δ	9.84	(s,	1H),	9.47	(s,	1H),	8.48	(s,	1H),	8.35	(t,	J	=	6.6	Hz,	1H),	8.01	(d,	J	=	7.5	Hz,	1H),	7.93	(d,	J	=	6.9	Hz,	1H),	7.66	(t,	J	=	7.5	Hz,	1H),	7.58	(d,	J	=	7.1	Hz,	1H),	7.40	(d,	J	=	7.1	Hz,	1H),	7.16	–	7.03	(m,	1H)	ppm;	13C	{1H}	NMR	(DMSO-d6,	125.8	MHz):	δ	166.6,	 145.6,	 138.2,	 137.3,	 134.1,	 133.9,	 129.2,	 128.3,	 121.5,	 119.4,	 119.3,	 118.6,	111.6	ppm;	11B	NMR	(THF,	128.4	MHz):	δ	29.3	ppm;	IR:	ν	=	3365,	3197,	2230,	1651,	1619,	 1485,	 760,	 699,	 687	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	 C14H11BN3O	 [M+H]+	248.0995,	found	248.0991.	
	
2-(3-Nitrophenyl)-1,3,2-benzodiazaborininone	 (2.71).	 Obtained	 as	 a	 beige	solid	by	procedure	A	(123	mg,	92%,	0.5	mmol	scale);	mp:	>260	°C;	1H	NMR	(DMSO-














1484,	 1345,	 1269,	 763,	 679	 cm-1;	 HRMS	 (ESI-)	 m/z	 calc.	 for	 C13H9BN3O3	 [M-H]-	266.0737,	found	266.0747.	
	
2-(4-(Naphthalen-1-yl)phenyl)-1,3,2-benzodiazaborininone	 (2.72).	 Obtained	as	a	beige	solid	by	procedure	A	(247	mg,	71%,	1.0	mmol	scale);	mp:	255-256	°C;	1H	NMR	(DMSO-d6,	500.4	MHz):	δ	9.76	(s,	1H),	9.42	(s,	1H),	8.20	(d,	J	=	7.8	Hz,	2H),	8.01	(t,	J	=	8.7	Hz,	2H),	7.96	(d,	J	=	8.2	Hz,	1H),	7.82	(d,	J	=	8.3	Hz,	1H),	7.61	–	7.52	(m,	5H),	7.52	 –	 7.43	 (m,	 3H),	 7.10	 (t,	 J	 =	 7.4	Hz,	 1H)	 ppm;	 13C	 {1H}	NMR	 (DMSO-d6,	 125.8	MHz):	δ	166.8,	146.0,	142.5,	139.7,	133.9,	133.8,	133.8,	131.1,	129.6,	128.8,	128.3,	128.2,	 127.3,	 126.8,	 126.3,	 125.9,	 125.5,	 121.2,	 119.2,	 118.6	 ppm;	 11B	 NMR	 (THF,	128.4	MHz):	 δ	 29.9	 ppm;	 IR:	 ν	 =	 3320,	 1657,	 1316,	 1533,	 1511,	 1485,	 1358,	 798,	774,	760,	716	cm-1;	HRMS	(ESI-)	m/z	calc.	 for	C23H16BN2O	[M-H]-	347.1356,	 found	347.1357.	
	













146.0,	 137.3,	 135.5,	 133.7,	 128.8,	 128.3,	 128.2,	 128.0,	 120.9,	 118.9,	 118.4,	 114.7,	69.4	ppm;	11B	NMR	(THF,	128.4	MHz):	δ	29.6	ppm;	IR:	ν	=	3404,	3302,	1645,	1622,	1604,	 1486,	 1214,	 996,	 759,	 721	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	 C20H18BN2O2	[M+H]+	329.1461,	found	329.1458.	
	
2-(Furan-3-yl)-1,3,2-benzodiazaborininone	 (2.74).	Obtained	as	a	 light	brown	solid	 by	 procedure	 A	 (172	 mg,	 81%,	 1.0	 mmol	 scale);	 mp:	 190-192	 °C;	 1H	 NMR	(CDCl3,	500.4	MHz):	δ	8.25	(d,	J	=	7.9	Hz,	1H),	8.00	(s,	1H),	7.90	(s,	1H),	7.60	(s,	1H),	7.55	(t,	J	=	8.2	Hz,	1H),	7.27	(s,	1H),	7.17	(t,	J	=	7.5	Hz,	1H),	7.09	(d,	J	=	8.1	Hz,	1H),	6.68	 (s,	 1H)	 ppm;	 13C	 {1H}	NMR	 (CDCl3,	 125.8	MHz):	 δ	 167.0,	 148.6,	 144.5,	 144.1,	134.0,	129.3,	121.9,	119.1,	117.5,	111.7	ppm;	11B	NMR	(EtOAc,	128.4	MHz):	δ	28.2	ppm;	 IR:	 ν	=	3347,	 3250,	 1636,	 1610,	 1516,	 1487,	 1150,	 754,	 732,	 668,	 527	 cm-1;	HRMS	(ESI+)	m/z	calc.	for	C11H10BN2O2	[M+H]+	213.0835,	found	213.0836	
	

















(E)-2-(Prop-1-en-1-yl)-1,3,2-benzodiazaborininone	(2.76).	Obtained	as	an	off-white	solid	by	procedure	A	(166	mg,	89%,	1.0	mmol	scale)	and	procedure	B-1	(156	mg,	84%,	1.0	mmol	scale);	mp:	142-143	°C;	1H	NMR	(DMSO-d6,	500.4	MHz):	δ	9.25	(s,	1H),	8.91	(s,	1H),	7.93	(d,	J	=	7.8	Hz,	1H),	7.55	–	7.45	(m,	1H),	7.22	(d,	J	=	8.2	Hz,	1H),	7.02	(t,	J	=	7.5	Hz,	1H),	6.77	(dq,	J	=	18.7,	6.3	Hz,	1H),	5.69	(dd,	J	=	17.9,	1.7	Hz,	1H),	 1.86	 (d,	 J	 =	 6.3	 Hz,	 3H)	 ppm;	 13C	 {1H}	NMR	 (DMSO-d6,	 125.8	MHz):	 δ	 166.4,	145.9,	 145.7,	 133.5,	 128.3,	 120.7,	 119.1,	 118.1,	 22.1	 ppm;	 11B	NMR	 (EtOAc,	 128.4	MHz,):	δ	28.4	ppm;	IR:	ν	=	3315,	3201,	1608,	1517,	1485,	1362,	986,	754	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C10H12BN2O	[M+H]+	187.1043,	found	187.1048.	
	
2-Methyl-1,3,2-benzodiazaborininone	 (2.77).	 Obtained	 as	 a	 white	 solid	 by	procedure	A	after	purifying	via	plug	of	silica	gel	with	EtOAc/hexane	(1:1)	as	eluent	(86	mg,	54%,	1.0	mmol	scale)	and	procedure	B-1	(86	mg,	62%,	1.0	mmol	scale);	mp:	181-182	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.20	(d,	J	=	6.8	Hz,	1H),	7.50	(t,	J	=	6.8	Hz,	1H),	7.12	(t,	J	=	7.2	Hz,	2H),	6.98	(d,	J	=	7.3	Hz,	1H),	6.40	(s,	1H),	0.59	(s,	3H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	166.5,	144.4,	133.8,	129.2,	121.6,	118.7,	117.2	ppm;	













1364,	 909,	 749	 cm-1;	 HRMS	 (CI)	 m/z	 calc.	 for	 C8H9BN2O	 [M]+	 160.0808,	 found	160.0808.	
	
2-Cyclopropyl-1,3,2-benzodiazaborininone	 (2.78).	 Obtained	 as	 a	 white	 solid	by	procedure	A	(121	mg,	65%,	1.0	mmol	scale)	and	procedure	B-1	(108	mg,	58%,	1.0	mmol	 scale);	mp:	 186-188	 °C;	 1H	NMR	 (DMSO-d6,	 500.4	MHz):	 δ	 8.98	 (s,	 1H),	8.50	(s,	1H),	7.90	(dd,	J	=	7.9,	1.4	Hz,	1H),	7.47	(td,	J	=	7.8,	1.6	Hz,	1H),	7.17	(d,	J	=	8.0	Hz,	1H),	6.99	(t,	J	=	7.5	Hz,	1H),	0.68	(dt,	J	=	9.2,	2.5	Hz,	2H),	0.65	–	0.59	(m,	2H),	0.05	(ddd,	 J	 =	9.2,	 6.5,	 2.9	Hz,	1H)	ppm;	 13C	 {1H}	NMR	 (DMSO-d6,	 125.8	MHz):	 δ	166.2,	145.8,	 133.4,	 128.2,	 120.4,	 118.7,	 117.8,	 5.4	ppm;	 11B	NMR	 (EtOAc,	128.4	MHz):	 δ	30.4	ppm;	IR:	ν	=	3380,	3308,	3189,	1615,	1557,	1488,	1393,	1254,	752	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C10H12BN2O	[M+H]+	187.1043,	found	187.1048.	
	






toluene, reflux, 16 h
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The	 resulting	 solid	 was	 further	 purified	 by	 washing	 with	 hexane/EtOAc	 (1:1),	affording	the	desired,	pure	oxazaborininone.	
	
2-Phenyl-3,1,2-benzoxazaborininone	 (2.60).	 Obtained	 as	 a	 white	 solid	 by	procedure	B-1	(367	mg,	83%,	2.0	mmol	scale)	and	procedure	C	(650	mg,	93%,	3.0	mmol	scale);	mp:	211-212	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.21	(d,	J	=	7.8	Hz,	1H),	7.95	(d,	J	=	6.9	Hz,	2H),	7.64	–	7.59	(m,	1H),	7.58	–	7.53	(m,	1H),	7.48	(t,	J	=	7.4	Hz,	2H),	7.20	(t,	J	=	7.5	Hz,	1H),	7.09	(d,	J	=	8.1	Hz,	1H),	6.89	(s,	1H)	ppm;	13C	{1H}	NMR	(DMSO-d6,	 125.8	 MHz):	 δ	 161.8,	 146.1,	 135.8,	 133.8,	 131.8,	 130.1,	 128.3,	 122.2,	118.1,	 114.9	 ppm;	 11B	NMR	 (CDCl3,	 128.4	MHz):	 δ	 28.9	 ppm;	 IR:	 ν	 =	 3315,	 1685,	1613,	1484,	1431,	1271,	1227,	750,	692	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C13H11BNO2	[M+H]+	224.0883,	found	224.0904.	
	














2-(4-Methoxyphenyl)-3,1,2-benzoxazaborininone	 (2.80).	 Obtained	 as	 a	 white	solid	 by	 procedure	 B-1	 (154	mg,	 61%,	 1.0	mmol	 scale)	 and	 procedure	 C	 after	 an	additional	wash	with	 t-BuOH	(364	mg,	72%,	2.0	mmol	 scale);	mp:	205-206	 °C;	 1H	NMR	(CDCl3,	500.4	MHz):	δ	8.18	(d,	 J	=	7.8	Hz,	1H),	7.88	(d,	 J	=	8.5	Hz,	2H),	7.61	–	7.54	(m,	1H),	7.16	(t,	J	=	7.5	Hz,	1H),	7.04	(d,	J	=	8.1	Hz,	1H),	6.99	(d,	J	=	8.6	Hz,	2H),	6.75	 (s,	 1H),	 3.87	 (s,	 3H)	 ppm;	 13C	 {1H}	NMR	 (CDCl3,	 125.8	MHz):	 δ	 162.5,	 161.8,	146.2,	 135.9,	 135.8,	 130.1,	 122.1,	 118.0,	 114.7,	 114.1,	 55.5	 ppm;	 11B	NMR	 (CDCl3,	128.4	MHz):	δ	28.6	ppm;	IR:	ν	=	3340,	1698,	1599,	1428,	1281,	1251,	1224,	1180,	753,	 693	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	 C14H13BNO3	 [M+H]+	 254.0988,	 found	254.0984.	
	














115.0	 ppm;	 19F	 {1H}	 NMR	 (DMSO-d6,	 470.8	MHz):	 δ	 -61.3	 ppm;	 11B	 NMR	 (EtOAc,	128.4	MHz):	δ	28.8	ppm;	IR:	ν	=	3307,	1686,	1615,	1326,	1265,	1149,	1108,	1071,	759,	 635	 cm-1;	 HRMS	 (ESI+)	m/z	 calc.	 for	 C14H10BNO2F3	 [M+H]+	 292.0757,	 found	292.30753.		
	
2-(4-Acetylphenyl)-3,1,2-benzoxazaborininone	 (2.82).	 Obtained	 as	 a	 white	solid	 by	procedure	B-1	 (313	mg,	 59%,	 2.0	mmol	 scale);	mp:	 252-253	 °C;	 1H	NMR	(DMSO-d6,	500.4	MHz):	δ	9.64	(s,	1H),	8.09	(d,	J	=	7.9	Hz,	2H),	8.03	(d,	J	=	7.9	Hz,	2H),	7.96	(d,	J	=	7.8	Hz,	1H),	7.65	(t,	J	=	7.5	Hz,	1H),	7.32	(d,	J	=	8.1	Hz,	1H),	7.13	(t,	J	=	7.5	Hz,	 1H),	 2.62	 (s,	 3H)	 ppm;	 13C	 {1H}	 NMR	 (DMSO-d6,	 125.8	 MHz):	 δ	 198.7,	 162.0,	146.5,	 139.2,	 136.1,	 134.1,	 130.3,	 128.0,	 122.3,	 118.3,	 115.1,	 27.5	 ppm;	 11B	 NMR	(acetone-d6,	128	MHz):	δ	27.6	ppm;	IR:	ν	=	3308,	1668,	1614,	1484,	1399,	1261,	1233,	760,	628	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C15H13BNO3	[M+H]+	266.0988,	found	266.0983.	
	
















2-(2-Nitrophenyl)-3,1,2-benzoxazaborininone	 (2.84).	 Obtained	 as	 a	 light	yellow	solid	by	procedure	B-1	(81	mg,	30%,	1.0	mmol	scale)	and	procedure	C	(498	mg,	93%,	2.0	mmol	scale);	mp:	210-211	°C;	1H	NMR	(DMSO-d6,	500.4	MHz):	δ	9.43	(s,	1H),	8.25	(d,	J	=	8.2	Hz,	1H),	7.98	(d,	J	=	7.8	Hz,	1H),	7.92	–	7.85	(m,	2H),	7.76	(t,	J	=	7.3	Hz,	1H),	7.65	(t,	J	=	7.5	Hz,	1H),	7.19	–	7.13	(m,	2H)	ppm;	13C	{1H}	NMR	(DMSO-d6,	125.8	MHz):	 δ	 161.8,	 151.3,	 146.5,	 136.3,	 135.1,	 134.3,	 131.6,	 130.4,	 123.8,	 122.5,	118.2,	114.8	ppm;	11B	NMR	(methanol-d4,	128	MHz):	δ	27.0	ppm;	IR:	ν	=	3348,	1698,	1510,	1484,	1342,	1266,	756,	724,	695	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C13H10BN2O4	[M+H]+	269.0734,	found	269.0741.	
	
















2-(1-Methyl-1H-indol-5-yl)-3,1,2-benzoxazaborininone	 (2.86).	 Obtained	 as	 a	white	solid	by	procedure	B-1	(138	mg,	50%,	1.0	mmol	scale)	and	procedure	C	(524	mg,	95%,	2.0	mmol	scale);	mp:	>260	°C;	1H	NMR	(DMSO-d6,	500.4	MHz):	δ	9.65	(s,	1H),	8.28	(s,	1H),	7.95	(d,	J	=	7.8	Hz,	1H),	7.79	(d,	J	=	8.3	Hz,	1H),	7.64	(t,	J	=	8.3	Hz,	1H),	7.53	(d,	J	=	8.3	Hz,	1H),	7.38	–	7.34	(m,	2H),	7.12	(t,	J	=	7.5	Hz,	1H),	6.53	(d,	J	=	2.8	Hz,	1H),	3.81	(s,	3H)	ppm;	13C	{1H}	NMR	(DMSO-d6,	125.8	MHz):	δ	161.9,	146.4,	138.8,	 135.8,	 130.6,	 130.1,	 128.3,	 127.6,	 126.4,	 122.0,	 118.0,	 114.7,	 109.8,	 101.5,	32.9	ppm;	11B	NMR	(acetone-d6,	128	MHz):	δ	28.7	ppm;	IR:	ν	=	3285,	1693,	1612,	1520,	 1485,	 1293,	 1268,	 1175,	 753,	 717,	 697	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	C16H14BN2O3	[M+H]+	277.1148,	found	277.1147.	
	














13.6,	3.4	Hz,	1H),	6.07	(dd,	 J	=	19.1,	13.6	Hz,	1H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	161.8,	144.2,	137.2,	135.5,	131.1,	122.9,	117.1,	115.6	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	27.6	ppm;	IR:	ν	=	3265,	1706,	1618,	1516,	1486,	1351,	1283,	1175.	755,	 694	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	 C9H9BNO2	 [M+H]+	 174.0726,	 found	174.0730.	
	














7.08	(t,	J	=	7.6	Hz,	1H),	6.94	(d,	J	=	8.1	Hz,	1H),	6.58	(s,	1H),	0.82	–	0.71	(m,	4H),	0.02	(tt,	J	=	8.7,	6.6	Hz,	1H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	162.1,	144.4,	135.3,	130.7,	122.0,	116.5,	114.8,	5.0	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	32.3	ppm;	IR:	ν	=	3270,	 1699,	 1615,	 1515,	 1486,	 1442,	 1163,	 755	 cm-1;	 HRMS	 (ESI+)	m/z	 calc.	 for	C10H11BNO2	[M+H]+	188.0883,	found	187.0925.	
	
Procedure	 B-2	 –	 Cyclization	 of	 potassium	 trifluoroborates	 activated	
with	silica	gel	 to	 form	1,3,2-benzoxazaborininones.	To	a	microwave	vial	with	a	stir	 bar	 was	 added	 salicylamide	 (1.0	 equiv)	 and	 the	 appropriate	 potassium	organotrifluoroborates	 (1.05	 equiv)	 along	 with	 oven-dried	 silica	 gel	 (100	mg/mmol).	 The	 reaction	 vessel	 was	 capped	 and	 purged	 with	 argon,	 and	subsequently	dry	MeOH	was	added	(3	mL/mmol).	The	reaction	was	then	heated	at	60	°C	for	16	h.	Upon	cooling	to	rt,	the	reaction	mixture	was	filtered	through	a	short	pad	 of	 Celite	 and	 flushed	with	 additional	MeOH.	 Removal	 of	 the	 solvent	 in	 vacuo	afforded	the	desired	1,3,2-benzoxazaborininone	product.	
	



















(m,	1H),	7.61	–	7.56	(m,	1H),	7.52	(t,	J	=	7.3	Hz,	2H),	7.41	(d,	J	=	8.2	Hz,	1H),	7.32	(t,	J	=	7.5	Hz,	1H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	165.3,	155.8,	134.8,	133.3,	132.1,	128.4,	128.3,	123.7,	119.5,	119.1	ppm;	 11B	NMR	(128.4	MHz,	CDCl3):	δ	32.2	ppm;	 IR:	 ν	 =	 3202,	 3101,	 1688,	 1471,	 11373,	 1276,	 1245,	 758,	 629	 cm-1;	 HRMS	(ESI+)	m/z	calc.	for	C13H11BNO2	[M+H]+	224.0883,	found	224.0880.	
	
2-(p-Tolyl)-1,3,2-benzoxazaborininone	 (2.90).	 Obtained	 as	 a	 white	 solid	 by	procedure	B-2	after	recrystallization	from	CHCl3	(156	mg,	66%,	1.0	mmol	scale)	and	procedure	C	(1.32	g,	90%,	5.0	mmol	scale);	mp:	200-202	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.20	(dd,	J	=	7.8,	1.7	Hz,	1H),	7.97	(s,	1H),	7.87	(d,	J	=	7.9	Hz,	2H),	7.66	(td,	J	=	7.8,	1.7	Hz,	1H),	7.39	(d,	 J	=	8.3	Hz,	1H),	7.34	–	7.28	(m,	3H),	2.44	(s,	3H)	ppm;	13C	{1H}	 NMR	 (CDCl3,	 125.8	 MHz):	 δ	 165.1,	 155.9,	 142.6,	 134.8,	 133.3,	 129.1,	 128.3,	123.6,	 119.4,	 119.1,	 21.7	 ppm;	 11B	 NMR	 (CDCl3,	 128.4	MHz):	 δ	 30.7	 ppm;	 IR:	 ν	 =	3210,	3098,	1667,	1609,	1454,	1372,	1276,	860,	760	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C14H13BNO2	[M+H]+	238.1039,	found	238.1031.	
	





























(CDCl3,	500.4	MHz):	δ	8.21	(dd,	 J	=	7.8,	1.7	Hz,	1H),	8.06	(dd,	 J	=	10.3,	8.5	Hz,	4H),	7.91	(s,	1H),	7.69	(td,	J	=	7.8,	1.7	Hz,	1H),	7.42	(d,	J	=	8.2	Hz,	1H),	7.34	(t,	J	=	7.5	Hz,	1H),	 2.67	 (s,	 3H)	 ppm;	 13C	 {1H}	 NMR	 (CDCl3,	 125.8	 MHz):	 δ	 197.9,	 164.7,	 155.6,	139.7,	 135.1,	 133.5,	 128.5,	 127.8,	 124.0,	 119.4,	 119.1,	 26.7	 ppm;	 11B	 NMR	 (THF,	128.4	MHz):	 δ	 31.4	 ppm;	 IR:	 ν	 =	 3158,	 3100,	 2985,	 1687,	 1673,	 1402,	 1258,	 864,	753,	 619	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	 C15H13BNO3	 [M+H]+	 266.0988	 found	266.0990.	
	
2-(2-Methoxyphenyl)-1,3,2-benzoxazaborininone	 (2.94).	 Obtained	 as	 a	 white	solid	by	procedure	B-2	after	further	washing	with	acetone	(89	mg,	35%,	1.0	mmol	scale)	 and	procedure	C	 (454	mg,	 90%,	2.0	mmol	 scale);	mp:	169-171	 °C;	 1H	NMR	(THF-d8,	500.4	MHz):	δ	8.59	(s,	1H),	8.12	(dd,	J	=	7.8,	1.6	Hz,	1H),	8.06	(dd,	J	=	7.4,	1.6	Hz,	1H),	7.67	–	7.62	(m,	1H),	7.56	–	7.46	(m,	1H),	7.38	(dd,	J	=	8.3,	0.6	Hz,	1H),	7.27	(t,	













2-(Thiophen-3-yl)-1,3,2-benzoxazaborininone	 (2.95).	 Obtained	 as	 a	 white	solid	by	procedure	B-2	after	further	washing	with	acetone	(44	mg,	19%,	1.0	mmol	scale)	 and	procedure	C	 (408	mg,	 89%,	2.0	mmol	 scale);	mp:	215-217	 °C;	 1H	NMR	(CDCl3,	500.4	MHz):	δ	8.24	–	8.18	(m,	2H),	8.11	(s,	1H),	7.70	–	7.63	(m,	1H),	7.60	(dd,	
J	=	4.8,	0.9	Hz,	1H),	7.50	(dd,	J	=	4.8,	2.7	Hz,	1H),	7.38	(d,	J	=	8.3	Hz,	1H),	7.31	(t,	J	=	7.5	Hz,	 1H)	 ppm;	 13C	 {1H}	NMR	 (CDCl3,	 125.8	MHz):	 δ	 165.3,	 155.9,	 136.5,	 134.9,	130.7,	128.4,	126.4,	123.6,	119.4,	119.0	ppm;	 11B	NMR	(CDCl3,	128.4	MHz):	δ	29.7	ppm;	IR:	ν	=	3163,	3102,	1679,	1469,	1385,	1263,	1244,	760,	662	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C11H9BNO2S	[M+H]+	230.0447,	found	230.0463.	
	










2-Phenethyl--1,3,2-benzoxazaborininone	(2.97).	Obtained	as	a	white	solid	by	procedure	B-2	 after	 further	washing	with	 acetone	 (75	mg,	 30%,	 1.0	mmol	 scale);	mp:	115-116	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.13	(dd,	J	=	7.8,	1.6	Hz,	1H),	7.65	–	7.59	(m,	1H),	7.40	(s,	1H),	7.33	–	7.25	(m,	6H),	7.21	(t,	J	=	7.2	Hz,	1H),	2.93	(t,	J	=	8.1	Hz,	 2H),	 1.53	 (t,	 J	 =	 8.1	Hz,	 2H)	 ppm;	 13C	 {1H}	NMR	 (CDCl3,	 125.8	MHz):	 δ	 164.6,	155.7,	 143.2,	 134.7,	 128.4,	 128.3,	 127.8,	 125.9,	 123.5,	 119.3,	 118.8,	 29.4	 ppm;	 11B	NMR	(acetonitrile,	128.4	MHz):	δ	32.7	ppm;	IR:	ν	=	3105,	2928,	1688,	1468,	1373,	1348,	 752,	 731,	 699	 cm-1;	 HRMS	 (CI)	m/z	 calc.	 for	 C15H15BNO2	 [M+H]+	 252.1196,	found	252.1194.	
	
General	procedure	for	synthesis	of	nitrogen-containing	heteroaryl-2,1-

















NaHCO3	 aqueous	 solution.	 The	 resulting	 solid	was	 filtered	 off,	 and	 the	 remaining	solution	 was	 extracted	 with	 EtOAc/H2O,	 dried	 (MgSO4)	 and	 concentrated	 under	vacuum.	The	crude	material	was	purified	through	a	short	plug	of	silica	and	flushed	with	 hexanes/EtOAc	 mixture	 (20	 times	 solvent	 volume,	 4:1,	 v/v).	 Solvents	 were	removed	in	vacuo	to	obtain	a	crude	material	that	was	further	purified	by	automated	column	 chromatography	 on	 silica	 gel	 or	 basic	 alumina,	 eluting	 with	 a	 gradient	method	of	CH2Cl2	and	hexanes,	starting	at	100%	hexanes	to	10:90	hexanes/CH2Cl2.	
	
1-Benzyl-2-(quinolin-6-yl)-2,1-borazaronaphthalene	(2.122).	Purified	on	silica	gel	and	obtained	as	a	white	solid	(131.0	mg,	76%,	0.5	mmol	scale);	mp:	105-106	°C;	
1H	NMR	(CDCl3,	500.4	MHz):	δ	8.89-8.90	(m,	1H),	8.17-8.20	(d,	J	=	11.3	Hz,	1H),	8.02-8.06	(m,	2	H),	7.95	(s,	1H),	7.86-7.88	(d,	J	=	8.4	Hz,	1H),	7.74-7.75	(d,	J	=	7.6	Hz,	1H),	7.30-7.39	(m,	5H),	7.22-7.26	(m,	2H),	7.10-7.15	(m,	3H),	5.46	(s,	2H)	ppm;	13C	{1H}	NMR	 (CDCl3,	 125.8	MHz):	 δ	 150.4,	 148.1,	 145.7,	 141.1,	 139.0,	 136.2,	 133.4,	 132.4,	130.4,	128.8,	128.8,	128.3,	127.8,	127.4,	127.0,	125.7,	121.3,	121.0,	117.0,	52.6	ppm;	











NMR	(CDCl3,	500.4	MHz):	δ	9.07	(s,	1	H),	8.27	(s,	1H),	8.20-8.22	(d,	J	=	11.3	Hz,	1H),	8.07-8.09	(d,	 J	=	8.5	Hz,	1H),	7.75-7.76	(d,	 J	=	7.6	Hz,	1H),	7.68-7.70	(m,	2H),	7.48-7.51	(t,	J	=	8	Hz,	1H),	7.39-7.40	(m,	2H),	7.32-7.29	(m,	2H),	7.26-7.23	(m,	2H),	7.15-7.12	 (m,	3H),	5.48	 (s,	2H)	ppm;	 13C	 {1H}	NMR	(CDCl3,	125.8	MHz):	δ	153.7,	147.7,	146.0,	 141.2,	 140.7,	 138.7,	 130.5,	 129.5,	 129.2,	 128.9	 (2	 x	 C),	 128.0,	 127.7,	 127.4,	127.1,	 126.4,	 125.6,	 121.5,	 117.0,	 52.6	 ppm;	 11B	 NMR	 (CDCl3,	 128.4	MHz):	 δ	 36.1	ppm;	IR:	ν	=	1608,	1593,	1550,	1491,	1452,	1415,	1347,	1282,	1226,	943,	913,	856,	812,	789,	761,	731,	695,	477	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C24H19BN2Na	[M	+	Na]+	369.1539,	found	369.1534.	
	







1-Benzyl-2-(6-fluoropyridin-3-yl)-2,1-borazaronaphthalene	 (2.125).	 Purified	on	silica	gel	and	obtained	as	a	brown	solid	(70.3	g,	45%,	0.5	mmol	scale);	mp:	93-94	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.34	(d,	J	=	1.85	Hz,	1H),	8.17-8.15	(d,	J	=	11.3	Hz,	1H),	7.88-7.84	 (td,	 J	 =	8.5,	2.1	Hz,	1H),	7.73-7.72	 (d,	 J	 =	7.6	Hz,	1H),	7.37-7.36	 (m,	2H),	 7.31-7.28	 (t,	 J	 =	 7.2	Hz,	 2H),	 7.25-7.21	 (m,	 2H),	 7.09-7.08	 (d,	 J	 =	 7.3	Hz,	 2H),	7.02-7.00	(d,	J	=	11.3	Hz,	1H),	6.87-6.85	(dd,	J	=	8.2,	2.3	Hz,	1H),	5.38	(s,	2H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	163.8 (d, J = 239.7 Hz), 151.3 (d, J = 13.5 Hz),	146.1,	
145.2 (d, J = 7.3 Hz),	141.0,	138.4,	130.4,	129.0	 (2	x	C),	127.3,	127.1,	125.4,	121.5,	116.9,	108.8 (d, J = 35.3 Hz),	52.4	ppm;	19F	{1H}	NMR	(CDCl3,	470.8	MHz):	δ	 -68.5	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	35.6	ppm;	IR:	ν	=	1611,	1575,	1550,	1482,	1451,	1412,	1346,	1277,	1233,	1146,	1056,	964,	834,	805,	761,	727,	695,	645,	478,	463	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C20H17BN2F	[M	+	H]+	315.1469,	found	315.1458.	
	
1-Benzyl-2-(2-fluoropyridin-3-yl)-2,1-borazaronaphthalene	 (2.126).	 Purified	on	silica	gel	and	obtained	as	a	yellow	solid	 (122.3	mg,	78%,	0.5	mmol	 scale);	mp:	108-109	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.18-8.19	(dd,	J	=	4.5,	2.0	Hz,	1H),	8.15-8.13	 (d,	 J	 =	11.3	Hz,	1H),	7.76-7.70	 (m,	2H),	7.39-7.33	 (m,	2H),	7.24-7.17	 (m,	4H),	7.10-7.07	(m,	1H),	7.04-7.03	(d,	J	=	7.7	Hz,	2H),	7.00-6.98	(d,	J	=	11.3	Hz,	1H),	5.33	(s,	2H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	164.5 (d, J = 235.2 Hz), 147.7 (d, J = 









125.5,	 121.5,	 121.0 (d, J = 3.8 Hz),	 117.0,	 52.6	 ppm;	 19F	 {1H}	 NMR	 (CDCl3,	 470.8	MHz):	δ	-58.1	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	35.1	ppm;	IR:	ν	=	1609,	1592,	1549,	1494,	1416,	1400,	1367,	1350,	1286,	1244,	1219,	1192,	962,	804,	764,	750,	744,	 734,	 706,	 696	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	 C20H16BN2FNa	 [M	 +	 Na]+	337.1288,	found	337.1285.	
	












mp:	116-117	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.05-8.03	(d,	J	=	11.5	Hz,	1H),	7.69	(s,	1H),	7.65-7.64	(d,	J	=	7.5	Hz,	1H),	7.46	(s,	1H),	7.33-7.30	(m,	4H),	7.26-7.24	(m,	1H),	7.20-7.19	(d,	 J	=	7.5	Hz,	2H),	7.17-7.11	(m,	2H),	5.51	(s,	2H),	3.88	(s,	3H)	ppm;	13C	{1H}	 NMR	 (CDCl3,	 125.8	 MHz):	 δ	 145.0,	 144.8,	 141.9,	 138.6,	 135.4,	 130.1,	 129.0,	128.5,	 127.0,	 127.0,	 125.8,	 120.7,	 116.2,	 52.6,	 38.6	 ppm;	 11B	 NMR	 (CDCl3,	 128.4	MHz):	δ	33.4	ppm;	IR:	ν	=	1604,	1591,	1548,	1533,	1487,	1460,	1411,	1376,	1347,	1327,	1299,	1218,	1177,	934,	896,	808,	761,	730,	696,	674	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C19H18BN3Na	[M	+	Na]+	322.1491,	found	322.1470.	
	
1-Benzyl-2-(3,5-dimethylisoxazole-4-yl)-2,1-borazaronaphthalene	 (2.129).	Purified	on	silica	gel	and	obtained	as	a	pale	yellow	solid	(83.0	mg,	53%,	0.5	mmol	scale);	mp:	110-111	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.14-8.12	(d,	J	=	11.3	Hz,	1H),	7.73-7.71	(d,	J	=	7.7	Hz,	1H),	7.45-7.35	(m,	2H),	7.23-7.20	(m,	3H),	7.18-7.15	(m,	1H),	6.97-6.96	(d,	J	=	7.4	Hz,	2H),	6.93-6.91	(d,	J	=	11.3	Hz,	1H),	5.36	(s,	2H),	2.20	(s,	3H),	2.15	 (s,	 3H)	 ppm;	 13C	 {1H}	NMR	 (CDCl3,	 125.8	MHz):	 δ	 169.8,	 162.0,	 145.8,	 141.1,	138.1,	 130.4,	 128.7,	 128.6,	 127.4,	 127.0,	 125.6,	 121.5,	 117.0,	 52.2,	 12.8,	 12.2	ppm;	









1-Benzyl-2-(1-(phenylsulfonyl)-1H-indol-3-yl)-2,1-borazaronaphthalene	(2.130).	Purified	on	silica	gel	and	obtained	as	a	white	solid	(53.4	mg,	23%,	0.5	mmol	scale);	mp:	74-75	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.15-8.13	(d,	 J	=	11.4	Hz,	1H),	8.03-8.01	(d,	 J	=	8.3	Hz,	1H),	7.74-7.69	(m,	3H),	7.58-7.57	(d,	 J	=	7.9	Hz,	1H),	7.49-7.46	(td,	J	=	7.5,	1.0	Hz,	1H),	7.41-7.38	(m,	3H),	7.35-7.32	(m,	5H),	7.30-7.27	(m,	1H),	7.24-7.20	(m,	2H),	7.14-7.11	(d,	J	=	11.3	Hz,	1H),	7.10-7.08	(d,	J	=	7.35	Hz,	2H),	5.41	(s,	2H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	145.4,	141.6,	138.9,	138.3,	135.6,	134.5,	 133.6,	 130.4,	 129.1,	 128.9,	 128.9,	 128.7,	 127.3,	 127.1,	 126.7,	 125.6,	 124.4,	123.3,	 122.4,	 121.3,	 116.9,	 113.5,	 52.7	 ppm;	 11B	 NMR	 (CDCl3,	 128.4	MHz):	 δ	 34.0	ppm;	IR:	ν	=	1609,	1592,	1551,	1445,	1412,	1368,	1175,	1130,	1087,	1021,	984,	809,	765,	 746,	 726,	 686,	 596,	 587,	 569,	 551	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	C29H24BN2O2S	[M	+	H]+	475.1652,	found	475.1645.	
	









145.0,	 142.8,	 142.2,	 137.7,	 134.4,	 130.4,	 128.9,	 128.4,	 127.2,	 127.0,	 126.8,	 121.7,	121.4,	115.1,	37.1	ppm;	 11B	NMR	(CDCl3,	128.4	MHz):	δ	36.6	ppm;	 IR:	ν	=	1608,	1590,	 1549,	 1455,	 1409,	 1336,	 1289,	 1266,	 1238,	 1215,	 1174,	 1135,	 1101,	 1044,	830,	805,	760,	734,	674,	480	 cm-1;	HRMS	 (ESI+)	m/z	 calc.	 for	C18H16BN2	 [M	+	H]+	271.1407,	found	271.1400.	
	
1-Methyl-2-(quinolin-3-yl)-2,1-borazaronaphthalene	 (2.132).	 Purified	 by	basic	 alumina	 column	 and	 obtained	 as	 a	 yellow	 solid	 (65.1	 mg,	 48%,	 0.5	 mmol	scale);	mp:	 101-102	 °C;	 1H	NMR	 (CDCl3,	 500.4	MHz):	 δ	 9.16	 (s,	 1H),	 8.39	 (s,	 1H),	8.17-8.11	(m,	2H),	7.87-7.85	(d,	J	=	8.1	Hz,	1H),	7.75-7.72	(m,	2H),	7.67-7.62	(m,	1H),	7.22-7.65	(m,	2H),	7.33-7.30	(m,	1H),	7.04-7.01	(d,	J	=	11.3	Hz,	1H),	3.78	(s,	3H)	ppm;	
13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	154.2,	147.6,	145.3,	142.2,	141.1,	130.3,	129.4,	129.2,	 128.9,	 127.9,	 127.8,	 126.9,	 126.4,	 121.3,	 115.1,	 36.9	 ppm;	 11B	NMR	 (CDCl3,	128.4	MHz):	δ	35.4	ppm;	IR:	ν	=	1608,	1590,	1549,	1483,	1409,	1343,	1316,	1288,	1215,	1190,	1141,	1120,	1023,	947,	912,	807,	788,	753,	693,	484	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C18H16BN2	[M	+	H]+	271.1407,	found	271.1409.	
	















J	=	7.8,	1.2	Hz,	1H),	7.02-7.00	(dd,	J	=	8.2,	2.6	Hz,	1H),	6.92-6.90	(d,	J	=	11.3	Hz,	1H),	3.72	(s,	3H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	163.7 (d, J = 239.3 Hz), 151.7 
(d, J = 13.3 Hz), 145.9 (d, J = 7.1 Hz),	145.4,	142.1,	130.4,	129.0,	126.9,	121.4,	115.2,	











2-(3-Fluoropyridin-4-yl)-1-methyl-2,1-borazaronaphthalene	 (2.135).	 Purified	by	basic	alumina	column	and	obtained	as	a	brown	solid	 (65.1	mg,	55%,	0.5	mmol	scale);	mp:	97-98	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.49	(s,	1H),	8.47-8.46	(dd,	J	=	4.6,	 2.3	Hz,	 1H),	 8.12-8.10	 (d,	 J	 =	 11.3	Hz,	 1H),	 7.75-7.73	 (dd,	 J	 =	 7.7,	 1.2	Hz,	 1H),	7.66-7.64	(d,	J	=	8.4	Hz,	1H),	7.62-7.59	(td,	J	=	6.9,	1.4	Hz,	1H),	7.39-7.37	(t,	J	=	4.8	Hz,	1H),	7.33-7.30	 (td,	 J	 =	7.8,	 0.8	Hz,	1H),	6.90-6.87	 (d,	 J	 =	11.3	Hz,	1H),	3.63	 (s,	 3H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	160.7 (d, J = 250.6 Hz),	145.7,	144.9 (d, J = 
3.0 Hz),	141.8,	137.5 (d, J = 27.1 Hz),	130.4,	129.1,	128.3 (d, J = 5.6 Hz),	127.0,	121.6,	115.1,	37.1	ppm;	19F	{1H}	NMR	(CDCl3,	470.8	MHz):	δ	-118.8	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	33.2	ppm;	IR:	ν	=	1611,	1586,	1552,	1442,	1410,	1346,	1282,	1237,	1202,	1054,	1001,	842,	798,	755,	664,	586,	574,	548,	525,	482	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C14H13BN2F	[M	+	H]+	239.1156,	found	239.1166.	
	








1455,	1408,	1364,	1335,	1286,	1231,	1217,	1116,	980,	941,	925,	908,	808,	785,	762,	728	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	 C18H21BN3O	 [M	 +	 H]+	 306.1778,	 found	306.1771.	
	
1-Methyl-2-(pyrimidin-5-yl)-2,1-borazaronaphthalene	 (2.137).	 Purified	 by	basic	 alumina	 column	 and	 obtained	 as	 a	 brown	 solid	 (44.5	 mg,	 40%,	 0.5	 mmol	scale);	mp:	 109-110	 °C;	1H	 NMR	 (CDCl3,	 500.4	MHz):	 δ	 9.25	 (s,	 1H),	 8.94	 (s,	 2H),	8.15-8.12	(d,	J	=	11.3	Hz,	1H),	7.76-7.74	(d,	J	=	7.8	Hz,	1H),	7.70-7.62	(m,	2H),	7.35-7.32	(t,	J	=	6.8	Hz,	1H),	6.95-6.92	(d,	J	=	11.3	Hz,	1H),	3.75	(s,	3H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	160.6,	157.9,	145.9,	141.9,	130.5,	129.2,	127.0,	121.7,	115.2,	36.8	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	34.3	ppm;	IR:	ν	=	1610,	1591,	1571,	1547,	1459,	 1408,	 1351,	 1340,	 1291,	 1215,	 1188,	 1137,	 1106,	 980,	 801,	 754,	 728,	 647,	637,	 484	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	 C13H13BN3	 [M	 +	 H]+	 222.1203,	 found	222.1201.	
	

























1H),	3.49	(s,	3H),	2.35	(s,	3H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	144.5,	144.0,	142.1,	 136.3,	 130.1,	 129.5,	 128.6,	 127.0,	 126.9,	 123.8,	 121.0,	 120.2,	 115.1,	 113.7,	37.3,	 21.5	 ppm;	11B	 NMR	 (CDCl3,	 128.4	MHz):	δ	 32.8	 ppm;	 IR:	ν	 =	 1612,	 1594,	1554,	1456,	1411,	1359,	1293,	1168,	1058,	1034,	951,	807,	756,	727,	701,	672,	588,	539,	489	cm-1;	HRMS	(ESI+)	m/z	calc.	 for	C20H20BN2O2S	 [M	+	H]+	363.1339,	 found	363.1335.	
	









1-Allyl-2-(quinolin-6-yl)-2,1-borazaronaphthalene	 (2.142).	 Purified	 by	 basic	alumina	column	and	obtained	as	a	yellow	solid	(33.6	mg,	23%,	0.5	mmol	scale);	mp:	85-86	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	9.28	(s,	1H),	8.41-8.40	(d,	 J	=	5.7	Hz,	1H),	8.14-8.11	(d,	J	=	11.3	Hz,	1H),	7.98-7.96	(d,	J	=	7.9	Hz,	1H),	7.77-7.76	(d,	J	=	6.8	Hz,	2H),	 7.64-7.58	 (m,	 2H),	 7.55-7.52	 (t,	 J	 =	 7.0	Hz,	 1H),	 7.49-7.48	 (d,	 J	 =	 5.9	Hz,	 1H),	7.31-7.28	(t,	J	=	7.6	Hz,	1H),	6.95-6.93	(d,	J	=	11.3	Hz,	1H),	5.93-5.86	(m,	1H),	5.11-5.09	(d,	J	=	10.6	Hz,	1H),	4.91-4.88	(d,	J	=	17.3	Hz,	1H),	4.71-4.67	(dd,	J	=	15.2,	2.0	Hz,	1H),	4.58-4.54	(dd,	J	=	17.2,	2.1	Hz,	1H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	153.0,	 145.2,	 142.6,	 141.1,	 137.6,	 134.9,	 133.5,	 130.5,	 128.6,	 128.4,	 127.3,	 127.1,	126.7,	 121.7,	 121.3,	 116.6,	 116.2,	 51.0	ppm;	11B	NMR	 (CDCl3,	 128.4	MHz):	δ	 37.1	ppm;	IR:	ν	=	1608,	1590,	1547,	1455,	1409,	1358,	1333,	1283,	1245,	1219,	1174,	1134,	 1049,	 937,	 918,	 833,	 809,	 761,	 675,	 473	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	C20H18BN2	[M	+	H]+	297.1563,	found	297.1566.	
	




















1H),	7.76-7.71	(m,	2H),	7.58-7.55	(t,	J	=	7.6	Hz,	1H),	7.52-7.49	(t,	J	=	7.3	Hz,	1H),	7.46-7.44	(d,	J	=	8.5	Hz,	1H),	7.27-7.23	(m,	1H),	7.12-7.09	(m,	2H),	7.06-7.05	(d,	J	=	7.1	Hz,	1H),	7.02-7.01	(d,	J	=	7.3	Hz,	2H),	6.95-6.93	(d,	J	=	11.2	Hz,	1H),	4.21-4.18	(m,	2H),	2.57-2.54	 (t,	 J	 =	 7.4	 Hz,	 2H),	 2.16-2.10	 (m,	 2H)	 ppm;	 13C	 {1H}	 NMR	 (CDCl3,	 125.8	MHz):	δ	153.3,	147.5,	145.4,	140.7,	140.6,	140.0,	130.7,	129.3,	129.3,	128.8,	128.3,	128.1,	127.9,	127.9,	127.4,	126.4,	126.0,	121.2,	115.4,	47.5,	33.0,	31.5	ppm;	11B	NMR	(CDCl3,	 128.4	 MHz):	δ	 34.9	 ppm;	 IR:	ν	 =	 1608,	 1591,	 1549,	 1486,	 1453,	 1412,	1347,	1280,	1217,	1189,	1125,	1026,	949,	910,	808,	788,	763,	749,	698,	477	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C26H24BN2	[M	+	H]+	375.2033,	found	375.2045.	
	























3H)	ppm;	13C	{1H}	NMR	(DMSO-d6,	125.8	MHz):	δ	151.0,	148.6,	144.8,	141.9,	139.7,	136.4,	 134.5,	 133.5,	 128.1,	 127.7,	 125.5,	 121.8,	 121.6,	 120.7,	 120.3	 ppm;	19F	 {1H}	NMR	(CDCl3,	470.8	MHz):	δ	-57.0	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	32.2	ppm;	IR:	ν	=	1572,	1457,	1251,	1225,	1205,	1177,	1156,	1123,	996,	975,	942,	899,	876,	832,	801,	767,	754,	740,	478,	463	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C18H13BN2OF3	[M	+	H]+	341.1073,	found	341.1062.	
	
6,8-Difluoro-2-(quinolin-6-yl)-2,1-borazaronaphthalene	 (2.149).	 Purified	 by	basic	alumina	column	and	obtained	as	a	white	solid	(27.2	mg,	19%,	0.5	mmol	scale);	mp:	243-244	 °C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.95-8.94	 (dd,	 J	=	4.2,	1.7	Hz,	1H),	8.42	(br	s,	1H),	8.34	(s,	1H),	8.23-8.18	(m,	3H),	8.07-8.05	(d,	J	=	11.6	Hz,	1H),	7.48-7.45	(d,	J	=	11.6	Hz,	1H),	7.43-7.40	(dd,	J	=	8.3,	4.3	Hz,	1H),	7.15-7.14	(d,	J	=	8.8	Hz,	1H),	 7.08-7.03	 (td,	 J	 =	 8.4,	 2.6	 Hz,	 1H)	 ppm;	 13C	 {1H}	 NMR	 (CDCl3,	 125.8	MHz):	 δ	155.9	(dd,	J	=	241.8,	11.7	Hz),	151.4	(dd,	J	=	246.3,	13.1	Hz),	151.1,	149.2,	144.2	(t,	J	=	3.7,	3.1	Hz),	136.5,	133.6,	132.6,	129.1,	128.1,	126.9	(dd,	J	=	9.5,	4.5	Hz),	125.8	(d,	J	=	12.9	Hz),	121.3,	109.3	(dd,	J	=	21.5,	3.8	Hz),	103.1	(dd,	J	=	28.3,	22.3	Hz)	ppm;	19F	{1H}	NMR	(CDCl3,	470.8	MHz):	δ	-119.8,	-133.0	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	
























2-(Quinolin-6-yl)-6,5-borazaroquinoline	 (2.152).	 Purified	 by	 basic	 alumina	column	and	obtained	as	a	white	solid	(45.1	mg,	35%,	0.5	mmol	scale);	mp:	176-177	°C;	1H	NMR	(DMSO-d6,	500.4	MHz):	δ	10.8	(br	s,	1H),	8.95	(s,	1H),	8.72	(s,	1H),	8.54-8.46	(m,	3H),	8.33-8.30	(d,	J	=	11.2	Hz,	1H),	8.16-8.11	(dd,	J	=	16.6,	7.3	Hz,	2H),	7.71-7.69	 (d,	 J	 =	 10.8	 Hz,	 1H),	 7.59-7.53	 (m,	 2H)	 ppm;	 13C	 {1H}	 NMR	 (DMSO-d6,	 125.8	MHz):	δ	151.1,	148.6,	146.6,	143.6,	142.3,	136.8,	136.5,	134.6,	133.5,	128.1,	127.7,	126.2,	 123.3,	 121.6	 ppm;	 11B	NMR	 (CDCl3,	 128.4	MHz):	 δ	 32.6	 ppm;	 IR:	 ν	 =	 1598,	1567,	1460,	1445,	1374,	1353,	1321,	1264,	1240,	1219,	1194,	1182,	1116,	826,	791,	767,	 741,	 622,	 588,	 478	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	 C16H13BN3	 [M	 +	 H]+	258.1203,	found	258.1198.	
	
2-(3,5-Dimethylisoxazole-4yl)-6,5-borazaroisoquinoline	 (2.153).	 Purified	 by	basic	alumina	column	and	obtained	as	a	white	solid	(25.7	mg,	23%,	0.5	mmol	scale);	mp:	200-2017	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.90 (s, 1H), 8.50 (d, J = 5.7 Hz, 1H), 
8.14 (d, J = 11.6 Hz, 1H), 8.06 (br s, 1H), 7.22 (d, J = 5.7 Hz, 1H), 7.15 (d, J = 11.7 Hz, 















(d, J = 245.1 Hz),	147.1,	144.0,	143.1,	135.8,	130.0 (d, J = 6.9 Hz), 128.3 (d, J = 3.2 
Hz),	125.9,	123.0,	119.0 (d, J = 18.8 Hz), 116.8 (d, J = 20.3 Hz). 19F	{1H}	NMR	(CDCl3,	470.8	MHz):	δ	 -113.5	 ppm;	 11B	 NMR	 (CDCl3,	 128.4	MHz):	δ	 31.7	 ppm;	 IR:	ν	 =	1596,	1568,	1445,	1418,	1377,	1323,	1289,	1261,	1236,	1226,	1198,	1164,	880,	868,	825,	799,	786,	753,	746,	689	cm-1;	HRMS	(ESI+)	m/z	calc.	 for	C13H11BN2F	[M	+	H]+	225.0999,	found	225.1009.	
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	 The	 versatility	 of	 the	 2,1-borazaronaphthalene	 class	 of	 azaborines	 arises	from	 the	 desymmetrization	 of	 the	 heterocyclic	 core,	 providing	 access	 to	 several	modes	 of	 functionalization	 (Figure	 3.1).1	 The	 Molander	 group’s	 initial	 synthetic	report	demonstrates	that	annulation	of	various	o-aminostyrene	and	trifluoroborate	derivatives	 can	 provide	 diverse	 substitution	 off	 boron	 and	 nitrogen.1a	 Additional	diversity	 off	 boron	 can	 be	 established	 utilizing	 halo-methyl	 boron	 derivatives	 in	












































this	strategy	has	been	successfully	applied	to	the	sequential	3,6-difunctionalization	of	2,1-borazaronaphthalene	cores.1d	Recently,	 (C)4-position	halogenation	has	been	achieved	when	 accessing	 the	 2,1-borazaronaphthalene	 from	 the	 corresponding	 2-		
alkynyl-anilines	 with	 dichloroboranes,	 which	 can	 also	 undergo	 cross-coupling	(Figure	 3.3).1k	 Overall,	 these	 methods	 provide	 a	 platform	 to	 develop	 analogue	diversity	 that	 has	 been	 beneficial	 toward	 several	 applications	 of	 the	 2,1-borazaronaphthalene	 core.5	However,	 there	 still	 remain	 gaps	within	 the	 synthetic	strategies	for	functionalizing	the	2,1-borazaronaphthalene	core,	which	create	limits	to	 its	overall	viability.	 Improvements	to	the	existing	strategies	of	diversification	as	well	as	exploration	of	novel	methods	to	access	new	sites	of	functionalization	would	serve	to	expand	the	utility	of	the	2,1-borazaronaphthalene	scaffold.		







































solubility	 of	 drug	 candidates,	 hence	 improving	 their	 ADME	 (Absorption,	Distribution,	 Metabolism,	 and	 Excretion)	 properties.7	 The	 installation	 of	 alkyl	groups	has	been	demonstrated	at	the	C(3)-position	of	the	2,1-borazaronaphthalene	
via	Ni-catalyzed	reductive	coupling	of	1°	and	2°	alkyl	iodides	(Figure	3.4).1g	Though	this	 protocol	 enabled	 the	 formation	 of	 Csp3–Csp2	 bonds	 between	 the	 naphthalene	isostere	 core	 and	 an	 alkyl	 side	 chain,	 these	 conditions	 required	 excess	 terminal	reductant,	 were	 intolerant	 of	 protic	 functional	 groups,	 and	 were	 limited	 by	 the	accessibility/high	cost	of	alkyl	iodides.	





[NiCl2(dme)] (5 mol %) 










and	the	near-neutral	reaction	conditions.	The	mechanism	(Figure	3.5)	is	proposed	to	go	through	an	initial	excitation	of	the	photocatalyst	by	light,	which	can	then	undergo	an	 SET	 event	 with	 the	 silicate,	 resulting	 in	 homolytic	 fragmentation	 to	 the	 alkyl	radical.	 This	 radical	 can	 then	 coordinate	 to	 a	 nickel(0)	 complex,	 which	 then	undergoes	oxidative	addition	with	the	aryl	bromide	to	generate	a	nickel(III)	species.	Subsequent	 reductive	 elimination	 establishes	 the	 formation	 of	 the	 new	 Csp3–Csp2	bond,	followed	by	symbiotic	single	electron	reduction	of	the	nickel	center/oxidation	of	the	photocatalyst	to	turn	over	the	catalytic	system.	Taken	together,	photoredox/Ni	dual	 catalysis	 employing	ammonium	alkylsilicates	offers	 a	 versatile	 cross-coupling	approach	 that	 displays	 excellent	 functional	 group	 tolerance	 and	 ease	 of	operation.10a,b	 With	 this	 newly	 developed	 paradigm	 in	 mind	 and	 the	 goal	 of	accessing	 more	 highly	 elaborated	 and	 functionalized	 2,1-borazaronaphthalene	cores,	we	assessed	whether	these	substrates	were	amenable	to	this	means	of	Csp3–Csp2	bond	formation.	
	










































%	 dtbbpy	 in	 DMF	 (0.1	 M)},	 the	 reaction	 of	 2-(4-bromophenyl)-2,1-borazaronaphthalene	3.1	with	 cyclohexylsilicate10a	 affords	 coupled	 product	3.2	 in	97%	 isolated	 yield	 (Table	 3.1)	 (dtbbpy:	 4,4’-di-tert-butyl-2,2’-dipyridyl;	 bpy:	 2,2’-	dipyridyl).	 Substrate	 3.1	 was	 further	 coupled	 with	 various	 silicates,	 affording	alkylated	azaborines	3.2-3.15	 in	 excellent	yield	with	both	2º	 and	1º	alkylsilicates.	Bicyclic,	 3,3,3-trifluoropropyl,	 and	 isobutyl	 fragments	 were	 amenable	 to	 cross-






























































[NiCl2(dme)] (5 mol %) 
dtbbpy (5 mol %)
[Ru(bpy)3](PF6)2 (2 mol %)
















3.3, 96%, 16 h 3.5, 96%, 16 h3.4, 92%, 36 h3.2, 97%, 12 h 3.6, 94%, 12 h
3.8, 92%, 16 h 3.9, 89%, 16 h3.7, 75%, 72 h
3.11, 81%, 72 h
3.10, 96%, 16 h
3.12, 47%, 72 h 3.15, 68%, 72 h3.13, 91%, 36 h 3.14, 95%, 12 h































[NiCl2(dme)] (5 mol %) 
dtbbpy (5 mol %)
[Ru(bpy)3](PF6)2 (2 mol %)










3.18, 96%, 16 h3.17, 96%, 16 h3.16, 90%, 36 h
3.21, 93%, 16 h3.19, 93%, 72 h 3.20, 97%, 16 h





B-aryl	group	likely	prevents	coplanarity,	disrupting	intermolecular	π–stacking.	Photoredox/Ni	cross-coupling	of	the	brominated	azaborinyl	ring	was	further	examined.	 In	 this	 case,	 B-aryl	 2,1-borazaronaphthalenes	 were	 focused	 on,	considering	their	aforementioned	higher	stability,	especially	in	the	presence	of	light.	In	general,	 brominated	azaborines	were	 found	 to	be	excellent	 electrophiles	 in	 this	type	of	cross-coupling,	affording	coupled	product	in	good	to	excellent	yields	(Table	3.3).	Indeed,	a	variety	of	functional	groups	could	be	installed	at	the	3-position	on	the	






















































3.25, 87%, 24 h 3.26, 89%, 16 h
3.27, 96%, 16 h 3.30, 96%, 12 h3.29, 94%, 12 h3.28, 77%, 40 h 3.31, 60%, 40 h
[NiCl2(dme)] (5 mol %) 
dtbbpy (5 mol %)
[Ru(bpy)3](PF6)2 (2 mol %)












and	 B-benzodioxanyl	 substituents	 (3.29)	 were	 both	 well	 tolerated.	 An	 ortho-difluoro-substituted	 azaborine	 (3.30)	 did	 not	 impede	 the	 reaction	 and	 afforded	near-quantitative	 reactivity.	 Whereas	 selectivity	 can	 sometimes	 be	 problematic	when	 using	 dihalogenated	 systems	 in	 transition	 metal	 catalyzed	 cross-couplings,	complete	 selectivity	 for	 the	 bromine	 over	 the	 chlorine	 atom	was	 observed	 in	 the	case	of	3.31,	leaving	the	latter	intact	for	further	modification.	The	use	of	ammonium	alkylsilicates	in	photoredox/Ni	dual	catalysis	allowed	several	 2,1-borazaronaphthalene	 derivatives	 to	 be	 efficiently	 alkylated.	 This	selective,	 high	 yielding,	 and	 very	 mild	 approach	 to	 azaborinyl	 functionalization	enables	the	rapid	construction	of	a	library	of	naphthalene	isosteres	with	numerous	types	of	functional	groups	at	room	temperature	and	in	near-neutral	conditions.	The	modular	nature	for	constructing	the	borazaronaphthalene	core,	combined	with	the	selective	and	regiocomplementary	means	of	elaboration,	provides	a	means	to	access	chemical	space	 in	a	manner	that	 is	challenging,	 if	not	 impossible,	 to	achieve	 in	 the	parent	naphthalene	systems	themselves.	The	method	developed	further	adds	to	this	versatility,	 and	 may	 allow	 enhancement	 of	 ADME	 properties	 of	 target	 structures,	thus	improving	the	viability	of	azaborines	as	potential	isosteres	for	drug	molecules.	




continued	 to	 be	 challenging.	 This	 was	 exemplified	 in	 the	 synthesis	 of	 2,1-borazaronaphthalene	 mimetics	 of	 propranolol,5a	 where	 C(5)	 and	 C(8)	 ethereally-substituted	 2,1-borazaronaphthalene	 derivatives	 required	 pre-installation	 of	 the	oxygen	functional	group,	followed	by	protection,	deprotection,	and	two	subsequent	modification	 steps	 to	 introduce	 the	 desired	 side	 chain.	 Although	 such	 a	 synthesis		might	 be	 tolerated	 from	 an	 exploratory	 chemical	 design	 viewpoint,	 this	 strategy	
would	 be	 inefficient	 for	 a	 more	 expansive	 molecular	 diversity	 study,	 costing	significant	time,	effort,	and	material.		
	When	 considering	 ways	 to	 expand	 the	 2,1-borazaronaphthalene	 motif,	installing	 a	 nucleophilic	 coupling	 handle	 directly	 on	 the	 azaborine	 core	 would	 be	beneficial.	 This	 would	 present	 an	 alternative	 approach	 to	 those	 employing	 an	

















by	 the	 report	 of	 the	 borylation	 of	 1,2-dihydro-1,2-azaborine,13	 along	 with	 the	diversity	of	methods	for	bicyclic	systems,	it	was	envisioned	that	iridium	catalyzed	C-H	borylation	would	provide	a	versatile	platform	capable	of	high	regioselectivity.		Structurally,	the	2,1-borazaronaphthalene	is	 isosteric	to	naphthalene,	which	diborylates	 to	yield	a	mixture	of	2,6-	or	2,7-disubstituted	 isomers	 (Figure	3.7-A)14	owing	 to	 a	 lack	of	 inherent	directing	preference.	Quinolines,	which	have	 a	 similar	atomic	 placement	 to	 2,1-borazaronaphthalenes,	 undergo	 C(8)-borylation	 using	silica-supported	 phosphine	 ligands	 (Figure	 3.7-B1).15	 With	 traditional	 amine	ligands,	 borylation	 of	 quinoline	 is	 predominantly	 favored	 at	 the	 C(4)-position	(Figure	 3.7-B2),	 with	 subsequent	 addition	 at	 either	 the	 C(6)-	 or	 C(7)-positions.16	Indoles,	which	possess	an	aromatic	N-H	functional	unit	with	a	geometric	tradeoff	to	a	 6,5-ring	 system,	 typically	 borylate	 at	 the	 C(2)-position.17	 However,	 introducing	
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potentially	 useful	 in	 providing	 a	 foundation	 to	 predict	 the	 selectivity	 of	 C-H	borylation	of	2-phenyl-2,1-borazaronaphthalene.	The	 iridium-catalyzed	 borylation	 of	 2-substituted	 indoles	 and	 similarly	structured	aniline	scaffolds	have	been	extensively	studied	by	Smith	and	co-workers,	with	 the	 anilines	 proposed	 to	 go	 through	 a	 mechanism	 in	 which	 outer-sphere	hydrogen-bond	 coordination	 of	 the	 nitrogen	 occurs	 to	 direct	 the	 C-H	functionalization.18,20	The	nitrogen	of	 indole	 is	suggested	 to	be	 incorporated	 in	 the	mechanism,	providing	selectivity	for	the	C(7)-position.	Computational	elucidation	of	the	iridium-catalyzed	C-H	borylation	of	several	aromatic	systems	indicates	that	the	transition	 state	 for	 C-H	 activation,	 which	 is	 predictive	 of	 the	 regioselectivity,	contains	“significant	proton	transfer	character”.21	 It	was	surmised	that	the	relative	anionic	stability	of	the	different	C-H	centers	of	the	2,1-borazaronaphthalene	core,	a	trait	of	proton	transfer	processes,	could	predict	 the	site	of	C-H	borylation	 in	 these	systems.	This	method	is	analogous	to	Liu’s	use	of	theoretically	derived	pKa	values	in	justifying	the	site	selectivity	for	C-H	borylation	of	1,2-dihydro-1,2-azaborine.13		To	validate	this	approach,	computational	comparisons	of	 the	anion	stability	at	 various	 positions	 around	2-phenylindole	were	 used	 as	 a	 representative	 system	(see	 Supporting	 Information	 for	 complete	 anionic	 stability	 studies).	 Surprisingly,	both	 the	 C(3)-position	 and	 the	 ortho-site	 of	 the	 external	 phenyl	 ring	 were	 more	anionically	stabilized	than	the	known	C(7)-borylation	site	(Table	3.4).	However,	it	is	well	 documented	 that	 those	 sites	 are	 inaccessible	 based	 on	 steric	 factors,	considering	the	steric	bulk	of	the	iridium	catalyst.19	Anionic	stability	only	accounts	for	 the	 electronic	 factors	 of	 the	 C-H	 activation	 event,	 thus	 steric	 constraints	must	
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also	 be	 entertained.	 Removing	 these	 two	 nonviable	 sites,	 the	 theoretical	 method	correctly	predicted	 the	C(7)-site	 for	borylation.	Applying	 this	method	to	2-phenyl-2,1-borazaronaphthalene,	 the	 C(8)-position	 appeared	 to	 be	 significantly	 more	amenable	 to	 anionic	 charge	 stabilization	 that	 any	 other	 position.	 Considering	 this	predicted	site	of	borylation	 in	 the	azaborine	has	no	 foreseeable	 steric	 constraints,	this	 functionalization	 method	 was	 anticipated	 to	 provide	 access	 to	 a	 previously	unattainable	position	of	the	2,1-borazronaphthalene.		




	 	2-Phenyl-2,1-borazaronaphthalene	Location	 ΔG	(kcals/mol)	 	 Location	 ΔG	(kcals/mol)	
i-C3	 -13.68	 	 b-C3	 -1.45	
i-C4	 -3.91	 	 b-C4	 -3.54	
i-C5	 0.0	 	 b-C5	 -6.51	
i-C6	 -2.76	 	 b-C6	 -3.48	
i-C7	 -10.96	 	 b-C7	 -6.55	
i-oC	 -12.47	 	 b-C8	 -13.41	
i-mC	 -8.43	 	 b-oC	 -1.62	
i-pC	 -9.40	 	 b-mC	 0.00		 	 b-pC	 -0.03		aAll	structures	are	fully	optimized	to	local	minima	[B3LYP/6-31G(d)].	bGrayed-out	values	are	sterically	nonviable		
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L1 R = H, 
L2 R = Me
L3 R = OMe





L5 R1,R2,R3 = H
L6 R1,R2 = Me, R3 = H
L7 R1 = Ph, R2,R3 = H

































[Ir]2 (2.5 mol %)
ligands (5 mol %)













In	 total,	 close	 to	450	conditions	(see	Appendix	A2.3	 for	complete	screening	details)	were	screened	to	verify	the	best	ligands	classes,	solvents	and	relative	ratios	of	 reaction	 components.	 Bipyridine-	 and	 phenanthroline-based	 ligands	 were	consistently	 superior	 to	 other	 nitrogen-containing	 homobidentate	 ligands,	 while	diphosphine	ligands	showed	minimal	conversion.12g	It	was	further	determined	that	catalyst	loading	was	optimal	at	4	mol	%	with	a	1:1.25	metal-to-ligand	ratio.	A	slight	excess	 (1.05	 equiv)	 of	 B2Pin2	was	 required	 for	 the	 reaction	 to	 go	 to	 completion.	However,	significant	excess	led	to	an	increase	of	diborylated	product.	As	previously	observed,	solvent	played	an	important	role	in	controlling	selectivity,	with	non-polar	solvents	such	as	hexane	and	methylcyclohexane	proving	optimal.		Upon	validation	of	these	conditions	on	benchtop	scale,	 it	was	observed	that	higher	 reaction	concentration	coincided	with	 increased	diborylation.	Temperature	also	 played	 a	 significant	 role	 in	 sequestering	 the	 N-borylated	 byproduct	 and	preventing	significant	diborylation.	However,	given	that	the	solubility	of	some	of	the	substrates	in	methylcyclohexane	was	very	low	at	room	temperature,	poorly	soluble	substrates	 required	 elevated	 temperatures	 (40	 °C	 vs	 80	 °C)	 for	 the	 reaction	 to	proceed.	 NMR	 analysis	 of	 the	 isolated,	 monoborylated	 compound	 indicated	exclusive	 borylation	 at	 the	 previously	 predicted	 (C)8-position,	 and	 this	 was	 later	confirmed	via	single	crystal	X-ray	diffraction	analysis	(Figure	3.10).		
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[Ir(µ-OMe)(COD)]2 (2 mol %)
dtbbpy (5 mol %)








tolerated,	 including	 cyano	 (3.55),	 trifluoromethyl	 (3.56),	 isopropyl	 (3.57),	 and	trifluoromethoxy	 (3.58)	 groups.	 Compounds	 with	 electrophilic	 coupling	 handles,	either	 installed	 off	 the	 boron	 subunit	 (3.38-3.42)	 or	 the	 brominated	borazaronaphthalene	core	(3.50,	3.51,	3.52),	provide	potential	lynchpins	for	rapid	





[Ir(µ-OMe)(COD)]2 (2 mol %)
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amount	 of	B2Pin2	 in	 the	 reaction,	 this	 product	 can	be	 exclusively	 observed	 (Table	3.7).	These	diborylated	cores	(3.59-3.61)	might	be	 further	applicable	 in	divergent	functionalization,	 capitalizing	on	 the	stereoelectronic	disparities	between	 the	sites	of	 borylation,	 similar	 to	 prior	 work	 of	 selective	 cross-coupling	 of	 poly-borylated	molecules.25	
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	With	 a	 diverse	 array	 of	 borylated	 compounds	 in	 hand,	 the	 viability	 of	 the	subsequent	 Suzuki-Miyaura	 cross-coupling	 reaction	 was	 studied.	 Taking	 insight	from	conditions	previously	established	for	the	inverted	coupling	of	brominated	2,1-borazaronaphthalenes	with	organotrifluoborates,1d	with	only	minor	modification	to	the	solvent	and	ligand	choice,	the	reaction	worked	exceedingly	well.	It	was	observed	that	alcoholic	solvent	mixtures	with	water	were	highly	effective	(Table	3.8),	and	that	sterically	bulky	alcohols	produced	the	best	results	(entries	3	and	4),	avoiding	proto-deborylation.		
These	 optimized	 conditions	were	 then	 tested	 on	 a	 variety	 of	 the	 borylated	2,1-borazaronaphthalene	 cores,	 focusing	 on	 adding	 heterocyclic	 diversity	 to	 a	variety	 of	 substituted	 azaborine	 substrates	 (Table	 3.9).	 Across	 the	 board,	 yields	were	 generally	 excellent,	 with	 several	 of	 the	 reactions	 proceeding	 nearly	
3.3.4	–	Cross-coupling	of	8-borylated	2-1-borazaronaphthalenes	
Table	3.8:	 Solvent	Optimization	of	Cross-couplinga	
		 Alcohol	 3.32	:	IS	 3.67	:	IS	 Des-Br	:	IS	
1	 MeOH	 0.07	 1.93	 0.02	
2	 EtOH	 0.08	 2.18	 0.18	
3	 i-PrOH	 0.07	 2.54	 0	
4	 t-BuOH	 0.03	 2.62	 0	
5	 phenol	 0.00	 0.30	 1.40	
6	 cyclohexanol	 0.00	 1.63	 1.53		aProduct	ratios	determined	by	HPLC	using	4,4’-di-tert-	butylbiphenyl	as	internal	standard	(IS)		
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quantitatively	(3.67,	3.69,	3.70,	3.71,	3.74,	3.75,	3.81).	Indeed,	for	reactions	that	went	 to	 full	 conversion,	 often	 the	 only	 purification	 required	 was	 simple	 aqueous	workup	 followed	 by	 rapid	 purification	 through	 a	 plug	 of	 silica	 to	 remove	 the		palladium	catalyst.	 In	most	cases,	yield	 losses	corresponded	to	the	required	use	of	column	chromatography,	owing	 to	 incomplete	 reaction.	5-Bromopyrimidine	cross-coupled	 well	 with	 various	 8-borylated	 2,1-borazaronaphthalene	 analogues	 (3.67,	
3.68,	 3.69).	 Pyridine	 (3.70),	 quinoline	 (3.71),	 and	 thiophene	 (3.72	 and	 3.73)	substrates	also	worked	well.	Although	highly	 functionalized	cores	such	as	caffeine	could	 easily	 be	 installed	with	 little	 difficulty	 (3.74,	3.75),	 substitution	 on	 the	 all-	carbon	 ring	 of	 the	 azaborine	 core	 seemed	 to	 hinder	 the	 reaction	 (3.76,	 3.77).	
XPhos-Pd-G2 (2 mol %)
K2CO3 (3 equiv)
t-BuOH:H2O (1:1) [0.5 M] 


































































































































Standard	 aryl	 bromides	 could	 also	 be	 cross-coupled	 in	 high	 yields	 (3.80-3.83),	including	 challenging	 electron	 rich	 N,N-dimethylamino	 derivatives	 (3.82,	 3.83).	Unusual	 substructures	were	 synthesized	 using	 both	 nucleophilic	 and	 electrophilic	2,1-borazaronaphthalene	 derivatives	 that	 could	 be	 conjoined	 to	 generate	heterodimeric-azaborines	(3.78,	3.79).		This	protocol	 for	selective	C-H	borylation	and	subsequent	cross	coupling	of	2,1-borazaronaphthalene	 allows	 late-stage	 functionalization	 at	 a	 previously	inaccessible	 position.	 Furthermore,	 there	 appears	 to	 be	 correlation	 of	 2,1-borazaronaphthalene	 to	 indole,	 suggesting	 an	 alternative	 isostereic	 comparison.	Computational	methods	accounting	for	the	electronic	factors	of	proton	transfer-like	C-H	 activation	 were	 able	 to	 identify	 the	 potential	 site	 of	 borylation,	 while	 high	throughput	 experimentation	 could	 rapidly	 identify	 viable	 reaction	 conditions.	Subjecting	 the	 substrate	 to	 excess	 B2Pin2	 resulted	 in	 the	 exclusive	 formation	 of	 a	diborylated	 adduct,	 providing	 an	 unprecedented	 opportunity	 for	 chemoselective	functionalization	in	the	all-carbon	ring.	Furthermore,	 it	was	demonstrated	that	the	N–H	is	 imperative	for	selectivity,	although	the	reaction	is	most	probably	not	going	through	 a	 productive	 N-H	 insertion	 pathway.	 The	 resulting	 borylated	 substrates	could	 be	 further	 cross-coupled	 using	 mild	 Suzuki-Miyaura	 conditions	 to	 provide	highly	elaborated	azaborine	scaffolds.		
3.4	Conclusions	These	developed	methods	open	up	new	opportunities	for	the	diversification	of	 2,1-borazaronaphthalene	 and	 thus	 entry	 into	 unexplored	 isostereic	 space.	 The	advantage	 of	 this	 azaborine	 core	 is	 the	 unique	 electronic	 directing	 capacity,	
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inaccessible	 in	 the	 isostructural	 naphthalene,	 presenting	 various	 highly	 selective	methods	 of	 functionalization	 (Figure	 3.13).	 Applying	 the	 photoredox/nickel	 dual-catalysis	 using	 alkylbis(catecholato)-silicates	 with	 the	 brominated	 azaborine	 core	
presents	 an	unparalleled	method	 for	 installing	 alkyl	 functional	 groups	off	 the	2,1-borazaronaphthalene	core.	The	incredibly	mild	conditions	for	the	Csp3–Csp2	coupling	allow	 the	 installation	 of	 sensitive	 functional	 groups	 and	 those	 of	 high	 interest	 for	biologically	 relevant	 molecular	 scaffolds.	 The	 iridium	 catalyzed	 C-H	 borylation	presents	 a	 strategy	 for	 functionalization	 at	 a	 position	previously	 inaccessible,	 and	the	 ensuing	 Suzuki-Miyaura	 cross-coupling	 demonstrates	 the	 variety	 of	 diverse	analogues	 that	 can	be	 accessed	 from	 the	borylated	2,1-borazaronaphthalene	 core.	These	methods,	combined	with	the	previous	functionalization	pathways,	provide	a	versatile	 toolbox	 to	 access	 a	 variety	 of	 analogues	 for	 potentially	 diverse	applications.		
3.5	–	Experimental	Section			
























[NiCl2(dme)] (5 mol %) 
dtbbpy (5 mol %)
[Ru(bpy)3](PF6)2 (2 mol %)















Gram	 scale	 reaction:	 To	 a	 100	mL	 round	 bottom	 flask	 equipped	with	 a	 Teflon-coated	magnetic	 stir	bar	was	added	 [NiCl2(dme)]	 (39	mg,	0.18	mmol)	 and	4,4'-di-
tert-butyl-2,2'-bipyridine	 (47	 mg,	 0.18	 mmol).	 The	 flask	 was	 capped	 and	 purged	with	 nitrogen,	 then	 3.0	mL	 of	 THF	was	 introduced.	 The	 resulting	 suspension	was	heated	 briefly	 with	 a	 heat	 gun	 until	 the	 nickel	 and	 ligand	 were	 fully	 solubilized,	yielding	a	pale	green	solution.	The	solution	was	cooled	 in	an	 ice	bath,	 resulting	 in	the	immediate	precipitation	of	an	evergreen	solid.	Solvents	were	then	evaporated	in	vacuo	 to	 give	 a	 fine	 coating	 of	 the	 ligated	 nickel	 complex.	 Once	 dry,	 2,1-borazaronaphthalene	 3.1	 (1.000	 g,	 3.52	 mmol),	 bis(catecholato)3-(butylammonio)propyl	 silicate	 (1.949	g,	4.23	mmol)	 and	 [Ru(bpy)3](PF6)2	 (61	mg,	0.07	mmol)	were	 added	 in	 succession.	The	vial	was	 then	 capped	and	purged	 four	times.	Under	an	inert	atmosphere,	DMF	(35	mL)	was	introduced.	The	vial	containing	all	 the	 reagents	 was	 further	 sealed	 with	 parafilm	 and	 stirred	 in	 the	 presence	 of	coiled	 blue	 LEDs	 (Figure	 3.14).	 A	 fan	 was	 blown	 across	 the	 reaction	 setup	 to	suppress	 the	 heat	 generated	 by	 the	 LEDs,	 stabilizing	 at	 30	 °C	 after	 1	 h.	 Reaction	completion	 was	 monitored	 by	 sampling	 the	 reaction	 mixture	 and	 analyzing	 by	HPLC.	 After	 completion	 (4	 h),	 the	 crude	 reaction	mixture	was	 diluted	with	 EtOAc	(40	 mL),	 filtered	 through	 approximately	 6	 cm	 x	 4	 cm	 cylindrical	 plug	 of	 Celite,	washing	with	EtOAc	 (40	mL).	The	 resulting	 solution	was	 concentrated,	 retaken	 in	EtOAc	 (50	 mL),	 poured	 into	 a	 separatory	 funnel,	 and	 washed	 with	 a	 saturated	
[NiCl2(dme)] (5 mol %) 
dtbbpy (5 mol %)
[Ru(bpy)3](PF6)2 (2 mol %)

















solution	of	Na2CO3	(2	×	40	mL)	then	H2O	(40	mL),	dried	(MgSO4)	and	concentrated.	The	 residue	 was	 purified	 by	 column	 chromatography	 on	 silica	 gel,	 eluting	 with	MeOH	 and	 CH2Cl2	 containing	 NH4OH	 (1%,	 v/v),	 to	 obtain	 azaborine	3.14	 in	 pure	
form	(1070	mg,	96%).		 						
	









2-(4-(exo-Bicyclo[2.2.1]heptan-2-yl)phenyl)-2,1-borazanaphthalene	 (3.3):	obtained	as	a	white	powder	(143	mg,	96%);	mp	=	158-161	°C;	1H	NMR	(acetone-d6,	500.4	MHz):	δ	9.67	(br	s,	1	H),	8.15	(d,	 J	=	12.5	Hz,	1	H),	7.96	(d,	 J	=	7.2	Hz,	2	H),	7.69–7.63	(m,	2	H),	7.43	(dd,	J	=	7.2,	7.9	Hz,	1	H),	7.33–7.24	(m,	3	H),	7.16	(dd,	J	=	6.6,	7.2	Hz,	1	H),	2.82–2.76	(m,	1	H),	2.37–2.34	(m,	2	H),	1.82–1.75	(m,	1	H),	1.73–1.68	(m,	1	H),	1.64–1.54	(m,	3	H),	1.43–1.36	(m,	1	H),	1.31–1.28	(m,	1	H),	1.21–1.18	(m,	1	H)	ppm;	13C	{1H}	NMR	(acetone-d6,	125.8	MHz):	δ	148.8,	145.1,	141.1,	133.1,	129.0,	128.1,	 126.6,	 125.6,	 120.5,	 118.4,	 47.2,	 42.9,	 38.6,	 36.6,	 35.6,	 30.2,	 28.5	 ppm;	 11B	NMR	(acetone,	128.4	MHz):	δ	34.0	ppm;	IR:	ν	=	2947,	2866,	1612,	1594,	1440,	1403,	1388,	1345,	1284,	1209,	1143,	978,	941,	806,	756,	697	cm-1;	HRMS	(ESI-)	m/z	calc.	for	C21H21BN	[M	–	H]-	298.1767,	found	298.1763.	
	










d6,	470.8	MHz):	–67.0	ppm;	IR:	ν	=	1607,	1564,	1438,	1385,	1330,	1304,	1284,	1255,	1224,	 1155,	 1115,	 1082,	 975,	 811,	 760,	 732	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	C17H16BNF3	[M	+	H]+	302.1328,	found	302.1334.	
	
2-(4-(3-Methoxypropyl)phenyl)-2,1-borazanaphthalene	 (3.5):	 obtained	 as	 an	off	white	powder	(133	mg,	96%);	mp	=	76-78	°C;	1H	NMR	(acetone-d6,	500.4	MHz):	δ	9.69	(br	s,	1	H),	8.15	(d,	J	=	11.7	Hz,	1	H),	7.97	(d,	J	=	7.4	Hz,	2	H),	7.69–7.64	(m,	2	H),	7.44	(dd,	J	=	7.0,	7.0	Hz,	1	H),	7.30–7.28	(m,	3	H),	7.17	(dd,	J	=	7.6,	7.5	Hz,	1	H),	3.36	(t,	J	=	5.8	Hz,	2	H),	3.28	(s,	3	H),	2.70	(t,	J	=	7.2	Hz,	2	H),	1.87	(dt,	J	=	7.2,	5.8	Hz,	2	H)	ppm;	 13C	 {1H}	 NMR	 (acetone-d6,	 125.8	 MHz):	 δ	 145.2,	 143.6,	 141.1,	 133.2,	 129.1,	128.2,	 128.1,	 125.6,	 120.6,	 118.5,	 71.4,	 57.5,	 32.0,	 31.2	 ppm;	 11B	 NMR	 (acetone,	128.4	MHz):	δ	34.3	ppm;	IR:	ν	=	1605,	1595,	1562,	1437,	1389,	1346,	1282,	1208,	1193,	 1118,	 1067,	 977,	 952,	 942,	 813,	 801	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	C18H20BNO	[M]+	277.1638,	found	277.1632.	
	









(ddd,	J	=	7.4,	7.4,	1.0	Hz,	1	H),	7.29	(dd,	J	=	11.9,	1.0	Hz,	1	H),	7.25	(d,	J	=	8.2	Hz,	2	H),	7.17	(dd,	J	=	7.2,	7.3	Hz,	1	H),	2.52	(d,	J	=	7.0	Hz,	2	H),	1.91	(sept,	J	=	6.7	Hz,	1	H),	0.92	(d,	 J	 =	 6.6	 Hz,	 6	 H)	 ppm;	 13C	 {1H}	 NMR	 (acetone-d6,	 125.8	 MHz):	 δ	 145.2,	 142.9,	141.1,	133.0,	129.1,	128.7,	128.2,	125.6,	120.6,	118.5,	45.1,	30.0,	21.8	ppm;	11B	NMR	(acetone,	 128.4	 MHz):	 δ	 34.2	 ppm;	 IR:	 ν	 =	 2952,	 2865,	 1612,	 1596,	 1566,	 1460,	1440,	1402,	1384,	1346,	1284,	1200,	1118,	978,	813,	791	cm-1;	HRMS	 (ESI+)	m/z	calc.	for	C18H21BN	[M	+	H]+	262.1767,	found	262.1769.	
	
2-(4-(Acetoxymethyl)phenyl)-2,1-borazanaphthalene	 (3.7):	 obtained	 as	 a	white	powder	(104	mg,	75%)	using	silicate	11b;	mp	=	94-97	°C;	1H	NMR	(acetone-
d6,	500.4	MHz):	δ	9.79	(br	s,	1	H),	8.18	(d,	J	=	11.6	Hz,	1	H),	8.05	(d,	J	=	8.0	Hz,	2	H),	7.70–7.64	(m,	2	H),	7.49–7.42	(m,	3	H),	7.29	(dd,	J	=	11.5,	2.1	Hz,	1	H),	7.18	(ddd,	J	=	7.9,	7.1,	1.1	Hz,	1	H),	5.15	(s,	2	H),	2.07	(s,	3	H)	ppm;	13C	{1H}	NMR	(acetone-d6,	125.8	MHz):	δ	170.0,	145.4,	141.0,	137.7,	133.2,	129.1,	128.3,	127.5,	125.6,	120.8,	118.6,	65.5,	 19.9	 ppm;	 11B	 NMR	 (acetone,	 128.4	MHz):	 δ	 33.4	 ppm;	 IR:	 ν	 =	 1738,	 1609,	1595,	 1563,	 1437,	 1377,	 1361,	 1226,	 1152,	 1117,	 1039,	 1018,	 988,	 977,	 939,	 806	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C17H16BNNaO2	[M	+	Na]+	300.1172,	found	300.1169.	
	












9.70	(br	s,	1	H),	8.15	(d,	J	=	8.6	Hz,	1	H),	7.98	(d,	J	=	7.8	Hz,	2	H),	7.69	(d,	J	=	8.1	Hz,	1	H),	7.66	(d,	J	=	8.1	Hz,	1	H),	7.45	(ddd,	J	=	8.1,	6.7,	1.3	Hz,	1	H),	7.31	(d,	J	=	7.8	Hz,	2	H),	7.28	(dd,	J	=	11.5,	1.8	Hz,	1	H),	7.17	(ddd,	J	=	8.0,	7.0,	1.3	Hz,	1	H),	4.07	(t,	J	=	6.6	Hz,	2	H),	2.74	(t,	J	=	7.7	Hz,	2	H),	2.00	(s,	3	H),	2.00–1.95	(m,	2	H)	ppm;	13C	{1H}	NMR	(acetone-d6,	 125.8	MHz):	 δ	 170.1,	 145.2,	 142.9,	 141.0,	 133.2,	 129.1,	 128.2,	 128.0,	125.6,	 120.6,	 118.5,	 63.2,	 31.8,	 30.1,	 19.9	 ppm;	 11B	 NMR	 (acetone,	 128.4	MHz):	 δ	34.7	ppm;	IR:	ν	=	3354,	1717,	1610,	1562,	1444,	1403,	1388,	136,	1344,	1253,	1191,	1154,	 1033,	 1002,	 979,	 815	 cm-1;	 HRMS	 (ESI+)	m/z	 calc.	 for	 C19H20BNNaO2	 [M	 +	Na]+	328.1485,	found	328.1481.	
	









2-(4-(3-(2-Oxoazepane-1-carboxamido)propyl)phenyl)-2,1-borazanaphthalene	(3.10):	obtained	as	an	off	white	powder	(192	mg,	96%);	mp	=	131-133	°C;	1H	NMR	(DMSO-d6,	500.4	MHz):	δ	10.34	(br	s,	1	H),	9.22	(br	s,	1	H),	8.11	(d,	J	=	11.4	Hz,	1	H),	7.99	(d,	J	=	8.0	Hz,	2	H),	7.71	(d,	J	=	8.3	Hz,	1	H),	7.66	(d,	J	=	8.0	Hz,	1	H),	7.44	(t,	J	=	7.6	Hz,	1	H),	7.29	(d,	J	=	7.1	Hz,	2	H),	7.22	(d,	J	=	11.1	Hz,	1	H),	7.14	(t,	J	=	7.1	Hz,	1	H),	3.90	(d,	J	=	2.1	Hz,	2	H),	3.18–3.24	(m,	2	H),	2.71–2.68	(m,	2	H),	2.62	(t,	J	=	4.3	Hz,	2	H),	1.85–1.80	(m,	2	H),	1.68–1.62	(m,	4	H),	1.58–1.53	(m,	2	H)	ppm;	13C	{1H}	NMR	(DMSO-d6,	 125.8	 MHz):	 δ	 179.4,	 154.6,	 145.5,	 143.3,	 141.4,	 133.9,	 129.4,	 128.6,	128.3,	125.5,	120.9,	119.0,	43.2,	39.9,	39.3,	33.0,	30.9,	28.7,	28.3,	23.4	ppm;	11B	NMR	(acetone,	 128.4	 MHz):	 δ	 33.9	 ppm;	 IR:	 ν	 =	 3390,	 3258,	 1686,	 1651,	 1614,	 1568,	1524,	1451,	1440,	1396,	1351,	1289,	1205,	1174,	1159,	814,	776,	748	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C24H29BN3O2	[M	+	H]+	402.2344,	found	402.2353.	
	













129.1,	 128.2,	 128.1,	 125.6,	 122.7,	 121.0,	 120.6,	 118.5,	 39.6,	 35.5	 ppm;	 11B	 NMR	(acetone,	 128.4	 MHz):	 δ	 34.2	 ppm;	 IR:	 ν	 =	 3372,	 1605,	 1593,	 1565,	 1471,	 1431,	1404,	1386,	1347,	1282,	1229,	1199,	1139,	977,	808,	756,	745	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C21H20BN2	[M	+	H]+	311.1720,	found	311.1724.	
	


























2-(4-(3-Aminopropyl)phenyl)-2,1-borazanaphthalene	 (3.15):	 obtained	 as	 a	white	powder	(89	mg,	68%);	mp	=	120-123	°C;	1H	NMR	(acetone-d6,	500.4	MHz):	δ	9.71	(br	s,	1	H),	8.15	(d,	J	=	11.6	Hz,	1	H),	7.96	(d,	J	=	7.9	Hz,	2	H),	7.69–7.65	(m,	2	H),	7.43	(ddd,	J	=	8.5,	6.8,	1.4	Hz,	1	H),	7.31–7.26	(m,	3	H),	7.16	(ddd,	J	=	8.1,	6.8,	1.4	Hz,	1	H),	3.21	(t,	J	=	6.8	Hz,	2	H),	2.72	(t,	J	=	7.1	Hz,	2	H),	1.95–1.71	(m,	4	H)	ppm;	13C	{1H}	NMR	 (acetone-d6,	 125.8	 MHz):	 δ	 145.1,	 144.1,	 141.1,	 133.1,	 129.1,	 128.2,	 128.1,	125.6,	 120.5,	 118.5,	 50.2,	 33.4,	 32.5	 ppm;	 11B	 NMR	 (acetone,	 128.4	 MHz):	 δ	 34.2	ppm;	IR:	ν	=	2941,	1651,	1609,	1575,	1455,	1417,	1349,	1287,	1208,	1193,	978,	941,	893,	813,	790,	759	cm-1;	HRMS	(ESI+)	m/z	calc.	 for	C17H20BN2	 [M	+	H]+	263.1720,	found	263.1711.	
	








































2-(2-Hexylphenyl)-2,1-borazanaphthalene	 (3.20):	 obtained	 as	 a	 colorless	 oil	(140	mg,	97%);	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.09	(d,	J	=	11.4	Hz,	1	H),	7.93	(br	s,	1	H),	7.67	(d,	J	=	8.3	Hz,	1	H),	7.47	(dd,	J	=	7.3,	1.3	Hz,	1	H),	7.43	(ddd,	J	=	8.4,	6.8,	1.2	Hz,	1	H),	7.33	(ddd,	J	=	7.6,	7.4,	1.3	Hz,	1	H),	7.29–7.16	(m,	4	H),	7.07	(dd,	J	=	11.4,	2.1	Hz,	1	H),	2.77	(t,	J	=	8.3	Hz,	2	H),	1.60–1.51	(m,	2	H),	1.31–1.17	(m,	6	H),	0.8	(t,	J	=	6.8	Hz,	3	H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	146.3,	144.7,	140.1,	133.0,	129.5,	128.7,	128.5,	128.3,	125.4,	125.3,	121.1,	118.2,	36.2,	32.7,	31.7,	29.3,	22.6,	14.1	ppm;	
11B	NMR	(acetone,	128.4	MHz):	δ	36.3	ppm;	IR:	ν	=	2952,	2924,	2854,	1614,	1596,	1559,	1430,	1383,	1345,	1278,	1232,	1213,	1203,	1114,	978,	809	cm-1;	HRMS	(ESI-)	m/z	calc.	for	C20H23BN	[M	–	H]–	288.1924,	found	288.1942.		
		













3-(3-Aminopropyl)-2-phenyl-2,1-borazanaphthalene	 (3.22):	 obtained	 as	 a	brown	oil	(124	mg,	95%);	1H	NMR	(CDCl3,	500.4	MHz):	δ	7.95	(br	s,	1	H),	7.86	(s,	1	H),	7.70–7.65	(m,	2	H),	7.63	(dd,	J	=	7.8,	0.9	Hz,	1	H),	7.48–7.37	(m,	4	H),	7.27	(d,	J	=	7.4	Hz,	1	H),	7.20	(t,	J	=	7.5	Hz,	1	H),	2.78	(t,	J	=	7.6	Hz,	2	H),	2.68	(t,	J	=	7.6	Hz,	2	H),	1.72	(br	s,	2	H),	1.66	(tt,	J	=	7.6	Hz,	2	H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	141.9,	139.0,	132.3,	128.7,	128.4,	127.9,	127.4,	125.3,	121.1,	117.6,	41.8,	34.9,	32.4	ppm;	11B	NMR	(acetone,	128.4	MHz):	δ	36.1	ppm;	 IR:	ν	=	2926,	2854,	1661,	1614,	1597,	1567,	1453,	1427,	1372,	1347,	1285,	1240,	1208,	945,	909,	751	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C17H20BN2	[M	+	H]+	263.1720,	found	263.1724.	
	












1650,	1614,	1597,	1565,	1453,	1429,	1365,	1347,	1286,	1239,	1208,	948,	752,	731,	701	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	 C19H22BN2O	 [M	 +	 H]+	 305.1825,	 found	305.1830.		
	














ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	148.4,	142.3,	139.2,	132.4,	129.2,	128.9,	128.6,	128.1,	127.6,	125.4,	121.3,	117.8,	117.0,	112.7,	43.5,	32.7,	31.0	ppm;	11B	NMR	(acetone,	 128.4	 MHz):	 δ	 35.9	 ppm;	 IR:	 ν	 =	 1613,	 1600,	 1565,	 1504,	 1473,	 1451,	1423,	1345,	1320,	1282,	1255,	1240	,1206,	1179,	944,	765	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C23H24BN2	[M	+	H]+	339.2031,	found	339.2033.	
	






































3-(Acetoxymethyl)-2-(4-chlorophenyl)-2,1-borazanaphthalene	 (3.31):	obtained	 as	 a	 white	 solid	 (94	mg,	 60%);	 mp	 =	 121-123	 °C;	 1H	 NMR	 (acetone-d6,	500.4	MHz):	δ	9.73	(br	s,	1	H),	8.13	(s,	1	H),	7.76–7.71	(m,	3	H),	7.65	(d,	J	=	8.7	Hz,	1	H),	7.50–7.42	(m,	3	H),	7.22	(ddd,	J	=	8.2,	6.7,	1.1	Hz,	1	H),	5.19	(s,	2	H),	2.03	(s,	3	H)	ppm;	 13C	 {1H}	 NMR	 (acetone-d6,	 125.8	 MHz):	 δ	 169.9,	 142.9,	 140.5,	 134.6,	 134.2,	129.2,	 128.6,	 127.7,	 124.6,	 121.2,	 118.3,	 66.2,	 20.0	 ppm;	 11B	NMR	 (acetone,	 128.4	MHz):	δ	34.9	ppm;	IR:	ν	=	3324,	1720,	1616,	1587,	1575,	1454,	1431,	1367,	1340,	1246,	 1210,	 1100,	 1088,	 1034,	 1013,	 961,	 792	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	C17H15BClNNaO2	[M	+	Na]+	334.0782,	found	334.0796.	
	
Experimental	 Procedure	 for	 Iridium	 Catalyzed	 C-H	 Borylation	 of	 2,1-














[Ir(µ-OMe)(COD)]2 (2 mol %)
dtbbpy (5 mol %)







equiv)	were	added.	The	reaction	vessel	was	capped	and	purged	with	argon	followed	by	 the	 addition	 of	 1	mL	 of	 degassed	methylcyclohexane.	 In	 a	 separate	 vial,	 [Ir(μ-OMe)(COD)]2	 (6.6	mg,	0.01	mmol,	2	mol	%)	and	di-t-Bu-bipyridine	 (6.7	mg,	0.025	mmol,	5	mol	%)	were	precomplexed	under	an	 inert	atmosphere	 in	1	mL	degassed	methylcyclohexane,	 stirring	 30	 min	 at	 rt	 as	 the	 mixture	 turned	 magenta.	 The	catalyst	mixture	was	 then	added	 to	 the	 reaction	mixture	via	syringe.	The	 reaction	was	then	heated	and	run	 for	16	h	while	being	monitored	by	HPLC	for	completion.	Upon	cooling,	the	reaction	mixture	was	condensed	and	adhered	to	silica,	which	was	directly	 subjected	 to	 purification	 by	 automated	 silica	 gel	 column	 chromatography	with	a	gradient	solution	of	hexane/EtOAc	as	the	mobile	phase.	
	
8-(4,4,5,5-Tetramethyl-1,3,2-dioxaboryl)-2-(4-(trifluoromethyl)phenyl)-2,1-







2984,	 1600,	 1321,	 1307,	 1127,	 1104,	 786	 cm-1;	 HRMS	 (EI)	 m/z	 calc.	 for	C21H22B2NO2F3	[M]+	399.1789,	found	399.1798.	
	
2-(p-Tolyl)-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2,1-borazaronaphthalene	(3.33):	Reaction	was	run	at	80	°C	for	24	h,	and	obtained	as	a	white	solid	(552	mg,	80%,	 2.0	mmol	 scale);	mp:	 105-108	 °C;	 1H	NMR	 (CDCl3,	 500.4	MHz):	δ	 10.46	 (s,	1H),	8.12	(d,	J	=	11.5	Hz,	1H),	7.97	(dd,	J	=	7.2,	1.4	Hz,	1H),	7.92	(d,	J	=	7.8	Hz,	2H),	7.76	(d,	J	=	7.6	Hz,	1H),	7.38	–	7.30	(m,	3H),	7.18	(t,	J	=	7.4	Hz,	1H),	2.44	(s,	3H),	1.47	(s,	12H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	145.9,	145.5,	139.4,	136.6,	133.3,	132.9,	132.6,	128.9,	119.9,	84.1,	25.0,	21.5	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	33.2,	30.5	ppm;	IR:	ν	=	3351,	2973,	1599,	1565,	1355,	1307,	1138,	775	cm-1;	HRMS	(EI)	m/z	calc.	for	C21H25B2NO2	[M]+	345.2071,	found	345.2077.	
	












7.4	Hz,	 1H),	 1.53	 (s,	 12H)	ppm;	 13C	 {1H}	NMR	 (CDCl3,	 125.8	MHz):	 δ	145.9,	 145.7,	136.8,	 133.4,	 132.9,	 129.5,	 128.2,	 125.3,	 120.2,	 84.2,	 25.0	 ppm;	 11B	 NMR	 (CDCl3,	128.4	MHz):	δ	30.8	(br,	2B)	ppm;	IR:	ν	=	3348,	2981,	1599,	1354,	1305,	1138,	1125,	793,	746	cm-1;	HRMS	(EI)	m/z	calc.	for	C20H23B2NO2	[M]+	331.1915,	found	331.1921.	
	
2-(4-Methoxyphenyl)-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2,1-
borazaronaphthalene	 (3.35):	 Reaction	 was	 run	 at	 40	 °C,	 and	 the	 product	 was	obtained	as	an	off-white	solid	(144	mg,	80%,	0.5	mmol	scale);	mp:	95-98	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	10.40	(s,	1H),	8.11	(d,	 J	=	11.5	Hz,	1H),	8.01	–	7.95	(m,	3H),	7.76	(dd,	J	=	7.9,	1.6	Hz,	1H),	7.27	(s,	1H),	7.18	(t,	J	=	7.4	Hz,	1H),	7.06	(d,	J	=	8.3	Hz,	2H),	 3.91	 (s,	 3H),	 1.49	 (s,	 12H)	 ppm;	 13C	 {1H}	 NMR	 (CDCl3,	 125.8	MHz):	 δ	 160.9,	146.0,	145.3,	136.6,	134.4,	133.3,	125.1,	119.9,	113.7,	84.1,	55.1,	25.0	ppm;	11B	NMR	(CDCl3,	 128.4	 MHz):	 δ	 31.4	 (br,	 2B)	 ppm;	 IR:	 ν	 =	 3354,	 2975,	 1597,	 1355,	 1308,	1252,	1178,	1138,	1125,	800,	788	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C21H26B2NO3	[M	+	H]+	362.2099,	found	362.2109.	
	
2-(3-Methoxyphenyl)-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2,1-













1H),	7.84	–	7.75	(m,	1H),	7.63	(d,	J	=	7.4	Hz,	1H),	7.57	(t,	J	=	4.4	Hz,	1H),	7.46	(t,	J	=	7.8	Hz,	1H),	7.35	–	7.28	(m,	1H),	7.22	(dd,	J	=	14.8,	7.4	Hz,	1H),	7.05	(dd,	J	=	8.3,	2.8	Hz,	1H),	3.95	(s,	3H),	1.49	(s,	12H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	159.5,	145.8,	145.7,	136.8,	133.4,	129.2,	125.3	(2	x	C),	120.2,	117.9,	115.2,	84.1,	55.1,	25.0	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	31.0	(br,	2B)	ppm;	IR:	ν	=	3355,	2965,	1603,	1462,	 1358,	 1303,	 1265,	 1142,	 1126,	 774	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	C21H26B2NO3	[M	+	H]+	362.2099,	found	362.2092.	
	
2-(2,3-Dihydrobenzo[1,4]dioxine)-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2,1-











borazaronaphthalene	 (3.38):	 Reaction	 was	 run	 at	 40	 °C,	 and	 the	 product	 was	obtained	as	an	off-while	solid	(139	mg,	61%,	0.5	mmol	scale);	mp:	114-115	°C;	 1H	NMR	(CDCl3,	500.4	MHz):	δ	10.48	(s,	1H),	8.15	(d,	J	=	11.5	Hz,	1H),	7.99	(dd,	J	=	7.1,	1.6	Hz,	1H),	7.85	(d,	J	=	8.0	Hz,	2H),	7.78	(dd,	J	=	7.7,	1.5	Hz,	1H),	7.72	(d,	J	=	8.0	Hz,	2H),	7.25	(dd,	J	=	11.5,	1.9	Hz,	1H),	7.21	(t,	J	=	7.4	Hz,	1H),	1.47	(s,	12H)	ppm;	13C	{1H}	NMR	 (CDCl3,	 125.8	MHz):	 δ	 146.0,	 145.7,	 137.2,	 136.9,	 134.5,	 133.4,	 125.2,	 120.3,	96.4,	84.2,	25.0	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	31.3	(br,	2B)	ppm;	IR:	ν	=	3347,	2984,	1600,	1352,	1306,	1124,	792,	775	cm-1;	HRMS	(EI)	m/z	calc.	for	C20H22B2NO2I	[M	+	Na]+	457.0881,	found	457.0906.	
	
2-(4-Bromophenyl)-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2,1-















borazaronaphthalene	 (3.40):	 Reaction	 was	 run	 at	 40	 °C,	 and	 the	 product	 was	obtained	as	a	white	solid	(102	mg,	50%,	0.5	mmol	scale);	mp:	211-213	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	10.62	(s,	1H),	8.24	–	8.15	(m,	2H),	8.03	(d,	J	=	6.5	Hz,	1H),	7.96	(d,	J	=	7.0	Hz,	1H),	7.81	(d,	J	=	7.7	Hz,	1H),	7.61	(d,	J	=	8.2	Hz,	1H),	7.39	(t,	J	=	7.5	Hz,	1H),	 7.33	 –	7.20	 (m,	 2H),	 1.52	 (s,	 12H)	ppm;	 13C	 {1H}	NMR	 (CDCl3,	 125.8	MHz):	 δ	146.1,	145.7,	136.9,	135.4,	133.4,	132.2,	131.6,	129.9,	125.3,	123.1,	120.4,	84.3,	25.0	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	31.3	(br,	2B)	ppm;	IR:	ν	=	3354,	2964,	1602,	1358,	 1307,	 1125,	 776	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	 C20H23B2NO2Br	 [M	 +	 H]+	410.1098,	found	410.1086.	
	
2-(2-Bromophenyl)-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2,1-














136.9,	 135.9,	 133.4,	 132.6,	 129.9,	 127.5,	 126.6,	 125.0,	 120.5,	 84.2,	 24.9	 ppm;	 11B	NMR	(CDCl3,	128.4	MHz):	δ	31.8	(br,	2B)	ppm;	IR:	ν	=	3338,	2991,	1597,	1354,	1141,	1126,	819,	757	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C20H23B2NO2Br	[M	+	H]+	410.1098,	found	410.1085.	
	
2-(3-Chlorophenyl)-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2,1-


















7.95	–	7.90	(m,	1H),	7.79	(d,	J	=	7.4	Hz,	1H),	7.43	–	7.36	(m,	2H),	7.30	(dd,	J	=	11.5,	1.9	Hz,	1H),	7.23	(t,	J	=	7.4	Hz,	1H),	1.53	(s,	12H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	145.8,	145.7,	143.1,	141.5,	136.9,	133.4,	131.0,	125.4,	124.6,	124.0,	123.9,	122.5,	120.4,	 84.3,	 25.0	 ppm;	 11B	NMR	 (CDCl3,	 128.4	MHz):	 δ	 30.5	 (br,	 2B)	 ppm;	 IR:	 ν	 =	3335,	 2976,	 1597,	 1353,	 1307,	 1137,	 798	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	C22H24B2NO2S	[M	+	H]+	388.1714,	found	388.1715.	
	
2-(Furan-3-yl)-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2,1-















=	9.5	Hz,	2H),	7.70	(d,	J	=	7.8	Hz,	1H),	7.13	(t,	J	=	7.7	Hz,	1H),	6.80	(d,	J	=	11.4	Hz,	1H),	1.44	 (s,	12H),	0.79	 (s,	3H)	ppm;	 13C	 {1H}	NMR	(CDCl3,	125.8	MHz):	δ	145.8,	144.1,	136.3,	133.2,	124.6,	119.5,	83.9,	24.9	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	36.5,	30.0	ppm;	IR:	ν	=	3358,	2984,	1601,	1354,	1311,	1136,	1101,	760	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C15H22B2NO2	[M	+	H]+	270.1837,	found	270.1827.	
	
2-Hexyl-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2,1-borazaronaphthalene	(3.46):	Reaction	was	run	at	40	°C,	and	the	product	was	obtained	as	a	white	solid	(65	mg,	91%,	0.21	mmol	scale);	mp:	127-130	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	9.85	(s,	1H),	7.98	–	7.92	(m,	2H),	7.76	–	7.68	(m,	1H),	7.15	(t,	J	=	7.4	Hz,	1H),	6.82	(d,	J	=	11.4	Hz,	1H),	1.73	–	1.65	(m,	2H),	1.48	–	1.43	(m,	14H),	1.42	–	1.33	(m,	6H),	0.95	(t,	J	=	6.7	Hz,	3H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	145.9,	144.0,	136.2,	133.2,	124.8,	119.6,	 83.9,	 32.3,	 32.0,	 25.4,	 24.9,	 22.6,	 14.1	ppm;	 11B	NMR	 (CDCl3,	 128.4	MHz):	 δ	37.5,	29.8	ppm;	IR:	ν	=	3354,	2921,	1600,	1354,	1303,	1137,	762	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C20H32B2NO2	[M	+	H]+	340.2623,	found	3340.2630.	
	
















borazaronaphthalene	 (3.48):	 Reaction	 was	 run	 at	 80	 °C,	 and	 the	 product	 was	obtained	 as	 a	white	 solid	 (115	mg,	 78%,	 0.5	mmol	 scale);	mp:	 75-76	 °C;	 1H	NMR	(CDCl3,	500.4	MHz):	δ	9.61	(s,	1H),	8.04	–	7.84	(m,	2H),	7.69	(dd,	J	=	7.7,	1.6	Hz,	1H),	7.13	(t,	J	=	7.4	Hz,	1H),	6.62	(dd,	J	=	11.6,	1.9	Hz,	1H),	1.45	(s,	12H),	0.97	–	0.80	(m,	2H),	 0.72	 –	 0.57	 (m,	 2H),	 0.37	 (tt,	 J	 =	 8.8,	 6.0	Hz,	 1H)	 ppm;	 13C	 {1H}	NMR	 (CDCl3,	125.8	MHz):	δ	145.9,	144.5,	136.4,	133.2,	124.7,	119.4,	83.9,	24.9,	6.3	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	37.3,	30.0	ppm;	IR:	ν	=	3356,	2979,	1598,	1353,	1297,	1135,	1109,	 794,	 774	 cm-1;	 HRMS	 (ESI+)	m/z	 calc.	 for	 C17H24B2NO2	 [M	 +	 H]+	 296.1993,	found	296.1990.	
	
2-Cyclohexyl-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2,1-












(CDCl3,	500.4	MHz):	δ	9.94	(s,	1H),	8.07	–	7.87	(m,	2H),	7.72	(d,	J	=	7.3	Hz,	1H),	7.15	(t,	J	=	7.4	Hz,	1H),	6.88	(dd,	J	=	11.5,	1.9	Hz,	1H),	2.08	–	1.97	(m,	2H),	1.85	–	1.71	(m,	3H),	1.54	–	1.38	 (m,	18H)	ppm;	 13C	 {1H}	NMR	(CDCl3,	125.8	MHz):	δ	145.7,	144.4,	136.2,	133.2,	124.8,	119.6,	83.9,	29.6,	27.7,	27.2,	24.9	ppm;	 11B	NMR	(CDCl3,	128.4	MHz):	δ	40.2,	31.8	ppm;	IR:	ν	=	3356,	2917,	1599,	1356,	1309,	1137,	1124,	800	cm-1;	HRMS	(EI)	m/z	calc.	for	C20H29B2NO2	[M	+	Na]+	337.2384,	found	337.2386.	
	
3-Bromo-2-phenyl-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2,1-



















11B	NMR	(CDCl3,	128.4	MHz):	δ	32.0	(br,	2B)	ppm;	IR:	ν	=	3340,	2980,	1598,	1558,	1320,	 1120,	 1068,	 761	 cm-1;	 HRMS	 (EI)	 m/z	 calc.	 for	 C21H21B2NO2F3Br	 [M]+	477.0894,	found	477.0891.	
	
3,6-Dibromo-2-phenyl-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2,1-










borazaronaphthalene	 (3.53):	 Reaction	 was	 run	 at	 60	 °C,	 and	 the	 product	 was	obtained	as	a	light	brown	solid	(45	mg,	42%,	0.25	mmol	scale);	mp:	164-165	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	10.39	(s,	1H),	8.03	–	7.96	(m,	2H),	7.83	(d,	J	=	7.1	Hz,	1H),	7.57	(d,	J	=	7.9	Hz,	2H),	7.39	–	7.29	(m,	5H),	7.24	(t,	J	=	7.4	Hz,	1H),	7.03	(t,	J	=	8.8	Hz,	2H),	1.46	(s,	12H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	161.7	(d,	J	=	244.2	Hz),	145.2,	 143.7,	 140.5,	 136.7,	 133.6,	 133.4,	 130.1	 (d,	 J	 =	 7.8	Hz),	 128.6,	 127.7,	 124.7,	120.6,	114.7	(d,	J	=	21.1	Hz),	84.2,	24.9	ppm;	19F	{1H}	NMR	(CDCl3,	470.8	MHz):	δ	-111.7	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	34.0,	31.2	ppm;	IR:	ν	=	3348,	2970,	2915,	1600,	1446,	1346,	1310,	1131,	760	cm-1;	HRMS	(EI)	m/z	calc.	for	C26H26B2NO2F	[M]+	425.2134,	found	425.2144.	
	
7-Fluoro-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2-(4-














254.2	Hz),	146.6	(d,	J	=	11.2	Hz),	145.9,	135.14	(d,	J	=	11.7	Hz),	132.9,	131.2	(q,	J	=	32.2	Hz),	124.7	(q,	J	=	3.7	Hz),	124.3	(q,	J	=	272.2	Hz),	122.2,	109.5	(d,	J	=	26.8	Hz),	84.1,	 24.9	 ppm;	 19F	 {1H}	 NMR	 (CDCl3,	 470.8	MHz):	δ	 -62.7,	 -97.1	 ppm;	 11B	 NMR	(CDCl3,	128.4	MHz):	δ	33.6,	30.2	ppm;	IR:	ν	=	3345,	2982,	1599,	1320,	1208,	1162,	1138,	1119,	1066,	802	cm-1;	HRMS	(EI)	m/z	calc.	for	C21H21B2NO2F4	[M]+	417.1695,	found	417.1695.	
	
6-Cyano-8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2-(4-










trifluoromethyl)phenyl)-2,1-borazaronaphthalene	(3.56):	Reaction	was	run	at	80	°C,	and	the	product	was	obtained	as	a	white	solid	(140	mg,	82%,	0.5	mmol	scale);	mp:	160-162	 °C;	 1H	NMR	(CDCl3,	500.4	MHz):	δ	10.66	 (s,	1H),	8.23	 (d,	 J	 =	1.3	Hz,	1H),	8.20	(d,	J	=	11.6	Hz,	1H),	8.09	(d,	J	=	7.8	Hz,	2H),	8.05	(s,	1H),	7.77	(d,	J	=	7.8	Hz,	2H),	7.39	(dd,	J	=	11.6,	1.5	Hz,	1H),	1.51	(s,	12H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	147.3,	146.0,	133.0,	133.0	(q,	J	=	3.7	Hz),	131.5	(q,	J	=	32.1	Hz),	130.3	(q,	J	=	3.8	Hz),	124.8	(q,	J	=	3.8	Hz),	124.7,	124.4	(q,	J	=	272.2	Hz),	124.2	(q,	J	=	271.8	Hz),	122.8	(q,	J	=	32.7	Hz),	84.8,	25.0	ppm;	19F	{1H}	NMR	(CDCl3,	470.8	MHz):	δ	 -61.3,	-62.8	ppm;	



















































1.37	(s,	12H),	0.90	–	0.87	(m,	2H),	0.63	(dd,	J	=	6.0,	2.2	Hz,	2H),	0.40	–	0.28	(m,	1H)	ppm;	 13C	 {1H}	NMR	 (CDCl3,	 125.8	MHz):	 δ	 148.1,	 144.8,	 142.6,	 140.7,	 124.1,	 83.9,	83.5,	24.9,	24.8,	14.0,	6.3,	6.0	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	38.0,	30.2	(br,	2B)	ppm;	IR:	ν	=	3358,	2978,	1605,	1360,	1342,	1313,	1138,	851,	774	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C23H35B3NO4	[M	+	H]+	422.2845,	found	422.2849.	
	
2-Methyl-6,8-bis(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2,1-

























2 equiv KHMDS 









Experimental	 Procedure	 for	 Palladium-catalyzed	 Cross-Coupling	 of	 8-
Borylated	2,1-Borazaronaphthalenes	





tBuOH:H2O (1:1) [0.5 M] 

















°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	9.39	(s,	1H),	8.99	(s,	2H),	8.27	(d,	J	=	11.5	Hz,	1H),	8.19	(s,	1H),	7.84	–	7.80	(m,	3H),	7.66	(d,	J	=	7.9	Hz,	2H),	7.42	(dd,	J	=	7.2,	1.1	Hz,	1H),	7.37	 (t,	 J	 =	 7.6	Hz,	 1H),	 7.33	 (dd,	 J	 =	 11.6,	 1.6	Hz,	 1H)	ppm;	 13C	 {1H}	NMR	 (CDCl3,	125.8	MHz):	δ	158.7,	158.6,	157.5,	146.6,	137.2,	132.9,	132.2,	131.8	(q,	J	=	32.4	Hz),	131.2,	130.4,	126.5,	125.1	(q,	J	=	3.6	Hz),	124.3	(q,	J	=	272.2	Hz),	123.6,	121.8	ppm;	
19F	 {1H}	NMR	 (CDCl3,	 470.8	MHz):	δ	 -62.9	ppm;	 11B	NMR	 (CDCl3,	 128.4	MHz):	δ	33.4	ppm;	IR:	ν	=	3409,	3285,	2980,	1568,	1323,	1162,	1117,	1065,	827,	757	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C19H14BF3N3	[M+H]+	352.1223,	found	352.1222.	
	








2-Cyclopropyl-8-(pyrimidin-5-yl)-2,1-borazaronaphthalene	 (3.69):	 Obtained	as	a	beige	solid	(60.6	mg,	98%,	0.25	mmol	scale);	mp:	135-137	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	9.34	(s,	1H),	8.92	(s,	2H),	7.95	(d,	J	=	11.5	Hz,	1H),	7.66	(d,	J	=	7.5	Hz,	1H),	7.59	(s,	1H),	7.29	(dd,	J	=	7.3,	1.5	Hz,	1H),	7.22	(t,	J	=	7.5	Hz,	1H),	6.49	(dd,	J	=	11.7,	1.6	Hz,	1H),	0.83	(m,	2H),	0.55	(m,	2H),	0.11(m,	1H)	ppm;	13C	{1H}	NMR	(CDCl3,	125.8	MHz):	δ	158.3,	157.5,	144.9,	137.4,	132.7,	130.9,	129.7,	125.9,	122.6,	120.6,	6.3	ppm;	 11B	 NMR	 (CDCl3,	 128.4	MHz):	 δ	 36.7	 ppm;	 IR:	 ν	 =	 3277,	 3023,	 2995,	 1605,	1565,	 1453,	 1411,	 1356,	 827,	 768	 cm-1;	 HRMS	 (EI)	 m/z	 calc.	 for	 C15H14BN3	 [M]+	247.1281,	found	247.1306.		
	
8-(Pyridin-3-yl)-2-(4-(trifluoromethyl)phenyl)-2,1-borazaronaphthalene	(3.70):	Obtained	as	a	yellow	solid	(170	mg,	97%,	0.5	mmol	scale);	mp:	55-56	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.86	(d,	J	=	1.6	Hz,	1H),	8.79	(dd,	J	=	4.8,	1.5	Hz,	1H),	8.37	(s,	1H),	8.26	(d,	J	=	11.5	Hz,	1H),	7.90	(dt,	J	=	7.7,	1.8	Hz,	1H),	7.81	(d,	J	=	7.8	Hz,	2H),	7.77	(d,	J	=	7.8	Hz,	1H),	7.65	(d,	J	=	7.8	Hz,	2H),	7.54	(dd,	J	=	7.5,	5.0	Hz,	1H),	7.44	(dd,	











NMR	(CDCl3,	128.4	MHz):	δ	33.3	ppm;	IR:	ν	=	3398,	3029,	2970,	2931,	1601,	1567,	1320,	 1119,	 1104,	 1065	 cm-1;	 HRMS	 (ESI+)	 m/z	 calc.	 for	 C20H15BF3N2	 [M+H]+	351.1280,	found	351.1301.	
	
8-(Quinolin-3-yl)-2-(4-(trifluoromethyl)phenyl)-2,1-borazaronaphthalene	(3.71):	Obtained	as	a	white	solid	(197	mg,	98%,	0.5	mmol	scale);	mp:	138-140	°C;	














NMR	(CDCl3,	500.4	MHz):	δ	8.79	(s,	1H),	8.25	(d,	J	=	11.5	Hz,	1H),	7.87	(d,	J	=	7.8	Hz,	2H),	7.73	–	7.66	(m,	3H),	7.63	(dd,	J	=	4.9,	3.0	Hz,	1H),	7.53	–	7.49	(m,	2H),	7.36	(dd,	J	=	 4.9,	 1.2	Hz,	 1H),	 7.32	 –	 7.27	 (m,	 2H)	 ppm;	 13C	 {1H}	NMR	 (CDCl3,	 125.8	MHz):	 δ	146.4,	138.2,	137.3,	132.7	(2	x	C),	131.2	(q,	J	=	32.2	Hz),	129.4,	129.2,	128.3,	127.5,	125.9,	124.8	(q,	J	=	3.8	Hz),	124.2	(q,	J	=	272.0	Hz),	123.6,	121.1	ppm;	19F	{1H}	NMR	(CDCl3,	470.8	MHz):	δ	-62.7	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	33.0	ppm;	IR:	ν	=	3397,	3096,	3047,	3016,	1600,	1566,	1324,	1102,	1066,	752	cm-1;	HRMS	(EI)	m/z	calc.	for	C19H13BF3NS	[M]+	355.0814,	found	355.0829.	
	










1H-purin-8-yl)-2,1-borazaronaphthalene	 (3.74):	Obtained	as	a	white	solid	(233	mg,	99%,	0.5	mmol	scale);	mp:	>260	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	11.04	(s,	1H),	8.26	(d,	J	=	11.6	Hz,	1H),	8.04	(d,	J	=	7.7	Hz,	2H),	7.87	(d,	J	=	7.7	Hz,	1H),	7.70	(d,	J	=	7.9	Hz,	2H),	7.67	(dd,	J	=	7.7,	1.2	Hz,	1H),	7.44	–	7.32	(m,	2H),	4.15	(s,	3H),	3.76	(s,	3H),	 3.49	 (s,	 3H)	 ppm;	 13C	 {1H}	 NMR	 (CDCl3,	 125.8	 MHz):	 δ	 155.6,	 151.8,	 149.6,	148.0,	146.3,	139.3,	133.2,	132.7,	131.8	(q,	J	=	32.3	Hz),	129.5,	127.2,	125.1	(q,	J	=	3.4	Hz),	124.4	(q,	J	=	272.1	Hz),	120.4,	115.0,	108.8,	35.1,	30.1,	28.4	ppm;	19F	{1H}	NMR	(CDCl3,	470.8	MHz):	δ	-62.8	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	33.0	ppm;	IR:	ν	=	 3312,	 2950,	 1698,	 1658,	 1539,	 1323,	 1164,	 1108,	 1067	 cm-1;	HRMS	 (ESI+)	m/z	calc.	for	C23H20BF3N5O2	[M+H]+	466.1662,	found	466.1668.	
	
2-(4-Methoxyphenyl)-8-(1,3,7-trimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-purin-


















Hz,	1H),	7.61	(dd,	J	=	7.2,	1.0	Hz,	1H),	7.36	(dd,	J	=	11.5,	1.5	Hz,	1H),	7.29	(t,	J	=	7.7	Hz,	1H),	7.00	(d,	J	=	8.5	Hz,	2H),	4.13	(s,	3H),	3.87	(s,	3H),	3.77	(s,	3H),	3.49	(s,	3H).	13C	{1H}	 NMR	 (CDCl3,	 125.8	 MHz):	 δ	 161.3,	 155.3,	 151.6,	 149.7,	 147.7,	 145.0,	 139.5,	134.4,	132.2,	128.9,	126.7,	119.4,	114.3,	113.8,	108.4,	55.1,	34.7,	29.7,	28.3	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	31.6	ppm;	IR:	ν	=	3305,	2939,	1703,	1662,	1598,	1442,	1243,	 1179,	 1026	 cm-1;	 HRMS	 (EI)	 m/z	 calc.	 for	 C23H23BNSO3	 [M+H]+	 428.1894,	found	428.1891.	
	
6-Cyano-2-(4-(trifluoromethyl)phenyl)-8-(1,3,7-trimethyl-2,6-dioxo-2,3,6,7-
tetrahydro-1H-purin-8-yl)-2,1-borazaronaphthalene	 (3.76):	 Obtained	 as	 a	 light	yellow	solid	(79.7	mg,	65%,	0.25	mmol	scale);	mp:	>260	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	11.35	(s,	1H),	8.23	(d,	J	=	11.6	Hz,	1H),	8.17	(s,	1H),	8.04	(d,	J	=	7.5	Hz,	2H),	7.88	(d,	J	=	1.5	Hz,	1H),	7.73	(d,	J	=	7.8	Hz,	2H),	7.53	(d,	J	=	11.5	Hz,	1H),	4.20	(s,	3H),	3.75	 (s,	 3H),	 3.49	 (s,	 3H)	 ppm;	 13C	 {1H}	NMR	 (CDCl3,	 125.8	MHz):	 δ	 155.5,	 151.6,	147.8,	147.1,	145.4,	141.8,	136.4,	133.4,	132.5	(q,	J	=	32.4	Hz),	131.1,	127.2,	125.2	(q,	













dioxo-2,3,6,7-tetrahydro-1H-purin-8-yl)-2,1-borazaronaphthalene	(3.77):	Obtained	as	a	white	solid	(81	mg,	58%,	0.25	mmol	scale);	mp:	209-210	°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	11.13	(s,	1H),	8.21	(d,	J	=	11.6	Hz,	1H),	8.03	(d,	J	=	7.8	Hz,	2H),	7.74	–	7.67	(m,	3H),	7.55	(d,	J	=	2.3	Hz,	1H),	7.47	(dd,	J	=	11.6,	1.6	Hz,	1H),	4.17	(s,	3H),	3.75	(s,	3H),	 3.48	 (s,	 3H)	 ppm;	 13C	 {1H}	 NMR	 (CDCl3,	 125.8	 MHz):	 δ	 155.5,	 151.6,	 147.9,	147.8,	145.5,	141.8,	137.9,	133.2,	132.1	(q,	J	=	32.5	Hz),	127.7,	125.1	(q,	J	=	3.7	Hz),	124.2,	124.0	(q,	J	=	274.8	Hz),	122.5,	120.8	(q,	J	=	257.6	Hz),	116.0,	109.0,	34.9,	30.0,	28.3	ppm;	 19F	 {1H}	NMR	 (CDCl3,	 470.8	MHz):	 δ	 -58.3,	 -62.9	ppm;	 11B	NMR	 (CDCl3,	128.4	MHz):	δ	32.8	ppm;	IR:	ν	=	3302,	3047,	2951,	1702,	1663,	1326,	1267,	1257,	1166,	1106	cm-1;	HRMS	(ESI+)	m/z	calc.	for	C24H19BN5O3F6	[M+H]+	550.1485,	found	550.1480.	
	
8-(4-(2,1-Borazaronaphthalen-2-yl)phenyl)-2-(4-(trifluoromethyl)phenyl)-2,1-

















3H),	8.16	(d,	J	=	7.6	Hz,	2H),	7.84	(d,	J	=	7.8	Hz,	2H),	7.73	(t,	J	=	9.9	Hz,	2H),	7.70	(d,	J	=	7.7	Hz,	2H),	7.66	(d,	J	=	7.8	Hz,	2H),	7.52	(d,	J	=	7.0	Hz,	1H),	7.49	(t,	J	=	7.2	Hz,	1H),	7.41	(d,	 J	=	8.8	Hz,	1H),	7.39	–	7.29	(m,	3H),	7.26	(t,	 J	=	7.8	Hz,	1H)	ppm;	 13C	 {1H}	NMR	(CDCl3,	125.8	MHz):	δ146.7,	146.1,	140.3,	139.3,	137.2,	133.9,	133.0,	131.4	(q,	J	=	30.9Hz),	131.2,	129.8,	129.8,	129.5,	129.4,	128.8,	128.1,	126.2,	126.0,	125.0,	125.0	(q,	J	=	4.6	Hz),	124.5	(q,	J	=	273.0	Hz),	121.5,	121.4,	118.5	ppm;	19F	{1H}	NMR	(CDCl3,	470.8	MHz):	δ	-62.8	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	33.8	ppm;	IR:	ν	=	3385,	3397,	2954,	2931,	1598,	1562,	1437,	1322,	1167,	1117,	1066,	808,	757	cm-1;	HRMS	(EI)	m/z	calc.	for	C29H21B2F3N2	[M]+	476.1843,	found	476.1857.	
	
8-(2-Methyl-2,1-borazaronaphthalen-3-yl)-2-(4-(trifluoromethyl)phenyl)-2,1-









































°C;	1H	NMR	(CDCl3,	500.4	MHz):	δ	8.71	(s,	1H),	8.18	(d,	J	=	11.6	Hz,	1H),	7.75	(d,	J	=	8.5	Hz,	2H),	7.62	(d,	J	=	7.6	Hz,	1H),	7.47	(d,	J	=	8.7	Hz,	2H),	7.40	(dd,	J	=	7.3,	1.4	Hz,	1H),	7.29	(d,	J	=	11.8	Hz,	1H),	7.23	(t,	J	=	7.5	Hz,	1H),	6.99	(d,	J	=	8.5	Hz,	2H),	6.95	(d,	J	=	8.4	Hz,	1H),	3.86	 (s,	3H),	3.09	 (s,	6H)	ppm;	 13C	 {1H}	NMR	(CDCl3,	125.8	MHz):	δ	161.1,	 150.4,	 145.8,	 137.9,	 134.4,	 131.3,	 130.4,	 129.5,	 128.4,	 125.8	 (d,	 J	 =	 5.2	Hz),	120.7,	114.0,	113.2,	77.0,	55.3,	40.7	ppm;	11B	NMR	(CDCl3,	128.4	MHz):	δ	33.8	ppm;	IR:	ν	 =	 3381,	 2962,	 2927,	 2835,	 1595,	 1558,	 1433,	 1237,	 1179,	 819,	 759	 cm-1;	HRMS	(ESI+)	m/z	calc.	for	C23H24BN2O	[M+H]+	335.1982,	found	335.1989.	
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Name Structure 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 4-9 9-1 1-10 2-11 3-12
2.49 1.391 1.358 1.398 1.361 1.367 1.425 1.374 1.502 1.460 1.441 - 1.490 -
2.53 1.395 1.360 1.395 1.360 1.367 1.425 1.375 1.503 1.459 1.441 1.449 1.491 -
2.3 - - 1.390 1.396 1.389 1.389 1.389 1.396 1.412 1.390 - - -
2.5 1.437 1.437 1.393 1.388 1.395 1.395 1.395 1.388 1.410 1.393 - 1.555 -
2.31 1.439 1.438 1.392 1.387 1.395 1.395 1.395 1.388 1.411 1.392 - 1.545 -
2.34 1.435 1.435 1.395 1.388 1.394 1.396 1.394 1.388 1.411 1.392 - 1.516 -
2.39 1.436 1.437 1.394 1.387 1.395 1.395 1.395 1.387 1.410 1.395 - 1.570 -
2.52 1.435 1.439 1.395 1.388 1.397 1.394 1.396 1.386 1.411 1.393 - 1.571 1.447
2.47 1.385 1.368 1.435 1.401 1.385 1.405 1.387 1.393 1.418 1.380 - 1.491 -
2.50 1.391 1.370 1.432 1.400 1.386 1.404 1.388 1.394 1.418 1.381 1.447 1.492 -
2.51 1.389 1.372 1.441 1.401 1.386 1.404 1.387 1.393 1.416 1.377 - 1.492 1.497


































































































































 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.061521   -0.006736   -0.293402 
      2          6           0        0.026108   -0.005984    1.196650 
      3          7           0        1.184309    0.070195    1.964019 
      4          5           0        0.833886    0.050056    3.361158 
      5          6           0        1.507411    0.095995    4.703417 
      6          6           0        0.683631    0.044685    5.802465 
      7          6           0       -0.734874   -0.047212    5.699994 
      8          6           0       -1.361471   -0.089888    4.486349 
      9          7           0       -0.623315   -0.044193    3.344410 
     10          6           0       -1.055517   -0.074521    2.015347 
     11          1           0       -2.097266   -0.142358    1.746517 
     12          1           0       -2.438253   -0.159685    4.386583 
     13          1           0       -1.338515   -0.084642    6.597101 
     14          1           0        1.106559    0.073806    6.802844 
     15          1           0        2.578183    0.165513    4.863009 
     16          1           0        2.088680    0.128069    1.528711 
     17          1           0       -0.947445   -0.072416   -0.700708 
     18          1           0        0.636327   -0.855134   -0.678396 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.136410    0.058875    0.068043 
      2          6           0       -0.003242    0.035924    1.553349 
      3          7           0        1.232605   -0.004042    2.199654 
      4          5           0        1.001376   -0.016612    3.621816 
      5          6           0        1.807011   -0.053776    4.890304 
      6          6           0        1.095399   -0.050830    6.066660 
      7          6           0       -0.328743   -0.014845    6.105920 
      8          6           0       -1.073973    0.019223    4.960844 
      9          7           0       -0.451432    0.018981    3.751251 
     10          6           0       -1.006383    0.049807    2.472056 
     11          1           0       -2.070398    0.079358    2.300793 
     12          1           0       -2.157287    0.046891    4.968923 
     13          1           0       -0.841380   -0.014131    7.058718 
     14          1           0        1.616558   -0.076616    7.019669 
     15          1           0        2.890295   -0.082277    4.945317 
     16          6           0        2.497298   -0.027895    1.492329 
     17          1           0        3.306378   -0.058325    2.220248 
     18          1           0        2.634299    0.863513    0.872941 
     19          1           0        2.588011   -0.908824    0.850038 
     20          1           0       -1.189178    0.088528   -0.212803 
     21          1           0        0.352893    0.934028   -0.370533 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.074437    0.000000    0.017709 
      2          6           0        0.074437    0.000000    1.406791 
      3          6           0        1.284070    0.000000    2.090296 
      4          6           0        2.507404    0.000000    1.418094 
      5          6           0        2.507404    0.000000    0.006406 
      6          6           0        1.284070    0.000000   -0.665796 
      7          1           0        1.290506    0.000000   -1.751241 
      8          7           0        3.696462    0.000000   -0.713252 
      9          1           0        3.672354    0.000000   -1.716100 
     10          1           0        4.599595    0.000000   -0.282739 
     11          7           0        3.696462    0.000000    2.137752 
     12          1           0        4.599595    0.000000    1.707239 
     13          1           0        3.672354    0.000000    3.140600 
     14          1           0        1.290506    0.000000    3.175741 
     15          1           0       -0.856541    0.000000    1.959820 




 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.135947   -0.131735   -0.230355 
      2          6           0       -0.128905   -0.210850    1.162039 
      3          6           0        1.090689   -0.128176    1.818503 
      4          6           0        2.291079    0.026479    1.094404 
      5          6           0        2.279343    0.107514   -0.290691 
      6          6           0        1.051122    0.026612   -0.946425 
      7          1           0        1.020267    0.086913   -2.027418 
      8          1           0        3.200129    0.228145   -0.849994 
      9          7           0        3.342735    0.069288    2.007386 
     10          5           0        2.829171   -0.049469    3.343764 
     11          7           0        1.407625   -0.169253    3.174660 
     12          1           0        0.696194   -0.320088    3.869360 
     13          6           0        3.632469   -0.048637    4.675675 
     14          6           0        5.004421   -0.342573    4.701525 
     15          6           0        5.725686   -0.344259    5.889682 
     16          6           0        5.088944   -0.047985    7.090838 
     17          6           0        3.729241    0.248162    7.093369 
     18          6           0        3.015067    0.245862    5.901048 
     19          1           0        1.958546    0.492166    5.924897 
     20          1           0        3.227140    0.483727    8.024652 
     21          1           0        5.648490   -0.048252    8.018926 
     22          1           0        6.783827   -0.579061    5.880263 
     23          1           0        5.518592   -0.589155    3.778313 
     24          1           0        4.288929    0.220621    1.701915 
     25          1           0       -1.053051   -0.331744    1.715718 






 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.056090    0.109224   -0.139391 
      2          6           0        0.062896    0.162354    1.356725 
      3          6           0        1.096250   -0.142763    2.149448 
      4          5           0        1.094875   -0.085210    3.693221 
      5          7           0        0.034159    0.291170    4.589924 
      6          6           0        0.475955    0.196822    5.906742 
      7          6           0       -0.170629    0.450385    7.108062 
      8          6           0        0.540040    0.264363    8.293977 
      9          6           0        1.867068   -0.165527    8.276090 
     10          6           0        2.521236   -0.421680    7.070965 
     11          6           0        1.818347   -0.238041    5.888956 
     12          7           0        2.195885   -0.409384    4.559682 
     13          1           0        3.121864   -0.717688    4.315890 
     14          1           0        3.552574   -0.755702    7.059620 
     15          1           0        2.398338   -0.302838    9.209926 
     16          1           0        0.052371    0.457150    9.241775 
     17          1           0       -1.201798    0.784622    7.126303 
     18          1           0       -0.903638    0.586168    4.378974 
     19          1           0        2.015214   -0.458490    1.652977 
     20          1           0       -0.875568    0.482833    1.809382 
     21          1           0       -0.715416   -0.577197   -0.504455 
     22          1           0        1.020098   -0.217350   -0.533895 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.080755   -0.117035    0.000000 
      2          6           0        1.531567   -0.241677    0.000000 
      3          6           0        2.734870   -0.345928    0.000000 
      4          5           0        4.245261   -0.476700    0.000000 
      5          7           0        5.214653    0.580808    0.000000 
      6          6           0        6.496087    0.036646    0.000000 
      7          6           0        7.745552    0.640846    0.000000 
      8          6           0        8.874480   -0.177293    0.000000 
      9          6           0        8.754035   -1.567743    0.000000 
     10          6           0        7.501214   -2.179533    0.000000 
     11          6           0        6.374295   -1.369443    0.000000 
     12          7           0        5.018327   -1.685148    0.000000 
     13          1           0        4.695020   -2.637503    0.000000 
     14          1           0        7.410710   -3.259749    0.000000 
     15          1           0        9.645963   -2.182244    0.000000 
     16          1           0        9.858788    0.274695    0.000000 
     17          1           0        7.842216    1.720529    0.000000 
     18          1           0        5.059899    1.574550    0.000000 
     19          1           0       -0.223795    0.932468    0.000000 
     20          1           0       -0.352477   -0.593419   -0.883379 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.052185    0.000429    0.015223 
      2          5           0        0.080676   -0.003933    1.579635 
      3          7           0        1.284111   -0.003486    2.362414 
      4          6           0        0.968013   -0.000579    3.720857 
      5          6           0        1.775220    0.001192    4.848588 
      6          6           0        1.161178    0.003532    6.101572 
      7          6           0       -0.228571    0.003774    6.218510 
      8          6           0       -1.043959    0.001620    5.086198 
      9          6           0       -0.437259   -0.000435    3.838895 
     10          7           0       -0.976905   -0.003292    2.553156 
     11          1           0       -1.972066   -0.004175    2.406513 
     12          1           0       -2.123997    0.001728    5.180791 
     13          1           0       -0.683572    0.005619    7.201479 
     14          1           0        1.774251    0.005137    6.994518 
     15          1           0        2.855828    0.000895    4.760748 
     16          1           0        2.239841   -0.004660    2.048738 
     17          1           0        0.916249   -0.078744   -0.484492 
     18          1           0       -0.670641   -0.829370   -0.340635 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.052092    0.009832   -0.334484 
      2          7           0        0.059788    0.012954    1.112687 
      3          6           0        1.249831   -0.008073    1.840342 
      4          6           0        2.571506   -0.034061    1.416150 
      5          6           0        3.577148   -0.051084    2.385056 
      6          6           0        3.265606   -0.042245    3.743384 
      7          6           0        1.937649   -0.016081    4.174188 
      8          6           0        0.936352    0.000852    3.216335 
      9          7           0       -0.450907    0.027555    3.336147 
     10          5           0       -1.048156    0.035941    2.030852 
     11          6           0       -2.579714    0.064162    1.681545 
     12          1           0       -3.205254    0.078692    2.577361 
     13          1           0       -2.879032   -0.809522    1.093616 
     14          1           0       -2.845581    0.945185    1.088534 
     15          1           0       -0.898593    0.037394    4.236713 
     16          1           0        1.697607   -0.009223    5.231471 
     17          1           0        4.062754   -0.055810    4.476628 
     18          1           0        4.614423   -0.071451    2.073499 
     19          1           0        2.822610   -0.041080    0.362567 
     20          1           0       -0.976590    0.028521   -0.691261 
     21          1           0        0.537297   -0.886583   -0.733797 








 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.018083    0.000000    0.106874 
      2          6           0        0.009337    0.000000    1.597791 
      3          7           0        1.192623    0.000000    2.318229 
      4          6           0        0.916256    0.000000    3.670603 
      5          6           0        1.770261    0.000000    4.770884 
      6          6           0        1.192048    0.000000    6.031720 
      7          6           0       -0.203878    0.000000    6.190868 
      8          6           0       -1.049185    0.000000    5.093262 
      9          6           0       -0.495117    0.000000    3.806684 
     10          6           0       -1.038265    0.000000    2.478036 
     11          1           0       -2.081806    0.000000    2.204429 
     12          1           0       -2.124854    0.000000    5.227958 
     13          1           0       -0.621895    0.000000    7.190465 
     14          1           0        1.828051    0.000000    6.908782 
     15          1           0        2.847820    0.000000    4.651303 
     16          1           0        2.112741    0.000000    1.912066 
     17          1           0       -1.003051    0.000000   -0.273100 
     18          1           0        0.525317    0.883136   -0.294767 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.012400    0.000000    0.094205 
      2          7           0        0.072907    0.000000    1.538574 
      3          6           0        1.260100    0.000000    2.244845 
      4          6           0        2.576280    0.000000    1.784613 
      5          6           0        3.589070    0.000000    2.733666 
      6          6           0        3.297818    0.000000    4.107451 
      7          6           0        1.988046    0.000000    4.560684 
      8          6           0        0.944637    0.000000    3.627419 
      9          6           0       -0.484154    0.000000    3.717731 
     10          6           0       -0.984097    0.000000    2.442717 
     11          6           0       -2.408725    0.000000    1.999327 
     12          1           0       -3.059131    0.000000    2.873487 
     13          1           0       -2.655884    0.882923    1.401464 
     14          1           0       -2.655884   -0.882923    1.401464 
     15          1           0       -1.078801    0.000000    4.617809 
     16          1           0        1.774303    0.000000    5.623543 
     17          1           0        4.113056    0.000000    4.821203 
     18          1           0        4.622537    0.000000    2.408354 
     19          1           0        2.809538    0.000000    0.726604 
     20          1           0       -1.055187    0.000000   -0.213701 
     21          1           0        0.469346    0.887466   -0.325686 






  --------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000000    0.000000    0.000000 
      2          6           0        0.000000    0.000000    1.490943 
      3          7           0        1.187491    0.000000    2.204427 
      4          6           0        0.919061    0.000000    3.558399 
      5          6           0        1.779505    0.000000    4.653652 
      6          6           0        1.208698    0.000000    5.917858 
      7          6           0       -0.186271    0.000000    6.085192 
      8          6           0       -1.038001    0.000000    4.992563 
      9          6           0       -0.491489    0.000000    3.702756 
     10          6           0       -1.042421    0.000000    2.377318 
     11          6           0       -2.087549    0.000000    2.109836 
     12          1           0       -2.692627    0.010030    2.766283 
     13          1           0       -2.291019    0.010030    1.543530 
     14          1           0       -2.824344    0.010030    2.056761 
     15          1           0       -2.112862    0.000000    5.133566 
     16          1           0       -0.598417    0.000000    7.087223 
     17          1           0        1.849835    0.000000    6.791175 
     18          1           0        2.856344    0.000000    4.527753 
     19          1           0        2.105211    0.000000    1.792874 
     20          1           0       -1.023345    0.000000   -0.373978 
     21          1           0        0.504869    0.883136   -0.404610 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.046943    0.177156    0.066225 
      2          6           0        0.018558   -0.283794    1.482826 
      3          7           0        1.134879   -0.234103    2.292376 
      4          6           0        0.769724   -0.731238    3.530990 
      5          6           0        1.464814   -0.919565    4.720682 
      6          6           0        0.750987   -1.457126    5.784240 
      7          6           0       -0.606873   -1.792828    5.659939 
      8          6           0       -1.292715   -1.601535    4.469003 
      9          6           0       -0.593572   -1.062772    3.388990 
     10          7           0       -1.024806   -0.770264    2.101795 
     11          1           0       -2.339818   -1.859186    4.369409 
     12          1           0       -1.126114   -2.209718    6.514445 
     13          1           0        1.253119   -1.620815    6.730077 
     14          1           0        2.512567   -0.662257    4.822030 
     15          1           0        2.044790    0.103102    2.025005 
     16          1           0        0.318574    1.234312   -0.004390 
     17          1           0        0.768502   -0.393811   -0.525128 












































































































































































































































































































































































































































































































































































 Bond	Length	for	Select	B	Ring	Lengths	(Å)	 NICS	(A	Ring)	(ppm)	 NICS	(B	Ring)	(ppm)	










































































 Ggas (kcal mol-1) Gaq (kcal mol-1) ΔGsolv (kcal mol-1) pKa 
 A-H	 A-(Y)	 A-(Z)	 A-H	 A-(Y)	 A-(Z)	 A-H	 A-(Y)	 A-(Z)	 		A-H(Y)						A-H	(Z)	
2.98 -301642.86 -301294.10 -301286.77 -301649.85 -301345.15 -301344.86 -6.99 -51.06 -58.08 26.17 26.38 
2.101 -299451.97 -299068.72 -299107.97 -299459.25 -299124.55 -299163.18 -7.28 -55.83 -55.21 48.16 19.85 
2.102 -299442.96 -299109.59 -299054.06 -299453.13 -299161.37 -299117.62 -10.17 -51.78 -63.56 16.69 48.76 
2.99 -314120.21 -313776.73 N/A -314127.65 -313827.12 N/A -7.44 -50.39 N/A 23.12 N/A 
2.103 -311919.66 -311543.71 N/A -311925.73 -311597.23 N/A -6.07 -53.51 N/A 43.62 N/A 
2.104 -309522.21 -309194.94 N/A -309535.34 -309248.93 N/A -13.13 -53.99 N/A 12.76 N/A 
2.100 -314121.15 -313771.64 N/A -314126.61 -313826.55 N/A -5.46 -54.90 N/A 22.77 N/A 
2.105 -309530.95 -309194.94 N/A -309538.78 -309248.93 N/A -7.83 -53.99 N/A 15.28 N/A 










Thermochemical Cycle for Computed pKas









Ggas(H+)  = -6.28 kcal mol-1





 Ln(10) = 2.303
R= 8.314 J K-1 mol-1
Pertinent Conversion Factors
627.509 kcal mol-1 = 1 hartee
1 kcal mol-1 = 4.18 kJ mol-1
1 atm = 24.46 L mol-1 at standard state
ΔG = (Ggas(A-) + Ggas(H+) - Ggas(AH)) + (ΔGsolv(A-) + ΔGsolv(H+) - ΔGsolv(AH)) + RTln(24.46)
Where:







 Bond Length for Select B Ring Lengths (Å) 
NICS (A Ring) 
(ppm) 
NICS (B Ring) 
(ppm) 
13C NMR 
(ppm)a IR C=O Stretch (cm
-1) 
Compound	 C=O	 C-Y	 Y-B	 B-Ar	 B-Z	 NICS	(1)	 NICS	(0)	NICS	(1)	 NICS	(0)	 C=O	 expt	 calc	
1,3,2-
benzodiazaborininones             
Phenyl (2.56) 1.220 1.390 1.431 1.563 1.422 -9.10 -7.69 -1.31 0.68 166.87 1634 1730 
p-Tolyl (2.64) 1.220 1.389 1.432 1.561 1.423 -9.16 -7.77 -1.29 0.72 166.73 1637 1729 
p-MeOC6H4 (2.65) 1.221 1.389 1.433 1.558 1.424 -9.08 -7.66 -1.30 0.63 166.79 1640 1729 
p- F3CC6H4 (2.66) 1.219 1.392 1.429 1.567 1.420 -9.29 -7.81 -1.22 0.73 –b 1630 1734 
3,1,2-
benzoxazaborininones             
Phenyl (2.57) 1.387 1.557 1.418 1.387 1.557 -8.76 -7.34 -0.49 1.98 – 1685 1786 
p-Tolyl (2.79) 1.388 1.554 1.419 1.388 1.554 -8.91 -7.38 -0.50 2.01 – 1701 1784 
p- MeOC6H4 (2.80) 1.389 1.550 1.421 1.389 1.550 -8.74 -7.28 -0.39 2.10 – 1698 1783 
p-F3CC6H4 (2.81) 1.384 1.561 1.416 1.384 1.561 -9.01 -7.52 -0.55 1.92 – 1686 1790 
1,3,2-
benzoxazaborininones             
Phenyl (2.58) 1.427 1.556 1.381 1.427 1.556 -9.51 -8.47 -0.64 1.79 165.50 1688 1745 
p-Tolyl (2.90) 1.428 1.553 1.382 1.428 1.553 -9.53 -8.35 -0.56 2.16 165.34 1667 1744 
p- MeOC6H4  (2.91) 1.429 1.549 1.384 1.429 1.549 -9.54 -8.49 -0.64 1.84 165.08 1680 1743 
p- F3CC6H4 (2.92) 1.424 1.561 1.379 1.424 1.561 -9.57 -8.43 -0.60 2.06 165.00 1683 1749 
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Figure	A1.144: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1,3,2-benzodiazaborininone	(2.98)	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.040616    0.000000    0.020630 
      2          6           0        0.036171    0.000000    1.403336 
      3          6           0        1.251226    0.000000    2.094098 
      4          6           0        2.452492    0.000000    1.408049 
      5          6           0        2.464311    0.000000    0.007473 
      6          6           0        1.242922    0.000000   -0.693625 
      7          6           0        1.201856    0.000000   -2.174663 
      8          7           0        2.449562    0.000000   -2.792121 
      9          5           0        3.702816    0.000000   -2.117460 
     10          7           0        3.659200    0.000000   -0.703951 
     11          1           0        4.503393    0.000000   -0.153095 
     12          1           0        4.731252    0.000000   -2.708450 
     13          1           0        2.382468    0.000000   -3.801029 
     14          8           0        0.169307    0.000000   -2.823283 
     15          1           0        3.392611    0.000000    1.949195 
     16          1           0        1.257465    0.000000    3.177744 
     17          1           0       -0.899908    0.000000    1.947152 
     18          1           0       -0.880680    0.000000   -0.547750 
 --------------------------------------------------------------------- ETot:	-480.804266959	Hartree		
Figure	A1.145: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1,3,2-benzodiazaborininone	(2.98)	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.002051    0.000000   -0.000566 
      2          6           0       -0.000970    0.000000    1.381472 
      3          6           0        1.219229    0.000000    2.067912 
      4          6           0        2.417372    0.000000    1.378279 
      5          6           0        2.424882    0.000000   -0.024423 
      6          6           0        1.198963    0.000000   -0.722261 
      7          6           0        1.160784    0.000000   -2.198337 
      8          7           0        2.395622    0.000000   -2.817844 
      9          5           0        3.655680    0.000000   -2.145118 
     10          7           0        3.615533    0.000000   -0.734466 
     11          1           0        4.462038    0.000000   -0.184340 
     12          1           0        4.677254    0.000000   -2.744396 
     13          1           0        2.338344    0.000000   -3.828173 
     14          8           0        0.116965    0.000000   -2.849788 
     15          1           0        3.359688    0.000000    1.913689 
     16          1           0        1.229712    0.000000    3.151336 
     17          1           0       -0.934376    0.000000    1.929627 
     18          1           0       -0.930954    0.000000   -0.555894 
 --------------------------------------------------------------------- ETot:	-480.815351469		Hartree								
	289	
Figure	A1.146: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1,3,2-benzodiazaborinin-1-ide	–	gas	phase			
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.000825    0.000000   -0.006093 
      2          6           0       -0.008090    0.000000    1.375340 
      3          6           0        1.223941    0.000000    2.058404 
      4          6           0        2.415045    0.000000    1.370173 
      5          6           0        2.470869    0.000000   -0.058623 
      6          6           0        1.198579    0.000000   -0.732055 
      7          6           0        1.144114    0.000000   -2.198879 
      8          8           0        0.097230    0.000000   -2.866403 
      9          7           0        2.383192    0.000000   -2.798912 
     10          5           0        3.650537    0.000000   -2.076777 
     11          7           0        3.669152    0.000000   -0.683228 
     12          1           0        4.644246    0.000000   -2.762028 
     13          1           0        2.323721    0.000000   -3.808768 
     14          1           0        3.364832    0.000000    1.894329 
     15          1           0        1.233993    0.000000    3.145457 
     16          1           0       -0.943173    0.000000    1.924984 
     17          1           0       -0.925841    0.000000   -0.572142 
 --------------------------------------------------------------------- ETot:	-480.233984155	Hartree		
Figure	A1.147: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1,3,2-benzodiazaborinin-1-ide	–	aqueous	phase			
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.000566    0.000000    0.000790 
      2          6           0        0.000811    0.000000    1.380350 
      3          6           0        1.234639    0.000000    2.058591 
      4          6           0        2.422698    0.000000    1.363272 
      5          6           0        2.467627    0.000000   -0.062316 
      6          6           0        1.198401    0.000000   -0.732840 
      7          6           0        1.142406    0.000000   -2.196559 
      8          8           0        0.084282    0.000000   -2.855994 
      9          7           0        2.368673    0.000000   -2.810351 
     10          5           0        3.638144    0.000000   -2.098809 
     11          7           0        3.666773    0.000000   -0.703666 
     12          1           0        4.628214    0.000000   -2.781045 
     13          1           0        2.312869    0.000000   -3.821464 
     14          1           0        3.369234    0.000000    1.893054 
     15          1           0        1.249536    0.000000    3.143499 
     16          1           0       -0.929769    0.000000    1.934595 
     17          1           0       -0.934003    0.000000   -0.549686 
 --------------------------------------------------------------------- ETot:	-480.315702925	Hartree									
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Figure	A1.148: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1,3,2-benzodiazaborinin-3-ide	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.023824    0.000000   -0.003649 
      2          6           0        0.003194    0.000000    1.385536 
      3          6           0        1.212950    0.000000    2.085651 
      4          6           0        2.415669    0.000000    1.398479 
      5          6           0        2.436424    0.000000   -0.008521 
      6          6           0        1.218268    0.000000   -0.724449 
      7          6           0        1.203707    0.000000   -2.245111 
      8          8           0        0.088069    0.000000   -2.799776 
      9          7           0        2.388484    0.000000   -2.890520 
     10          5           0        3.586404    0.000000   -2.181349 
     11          7           0        3.610924    0.000000   -0.725078 
     12          1           0        4.465758    0.000000   -0.189505 
     13          1           0        4.676933    0.000000   -2.706174 
     14          1           0        3.357431    0.000000    1.941455 
     15          1           0        1.215772    0.000000    3.171461 
     16          1           0       -0.939224    0.000000    1.923172 
     17          1           0       -0.890426    0.000000   -0.585746 
 --------------------------------------------------------------------- ETot:	-480.221482263	Hartree		
Figure	A1.149: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1,3,2-benzodiazaborinin-3-ide	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.008633    0.000000    0.000493 
      2          6           0       -0.000832    0.000000    1.386318 
      3          6           0        1.223533    0.000000    2.065138 
      4          6           0        2.413803    0.000000    1.360781 
      5          6           0        2.408098    0.000000   -0.045763 
      6          6           0        1.178914    0.000000   -0.741858 
      7          6           0        1.154543    0.000000   -2.243916 
      8          8           0        0.031778    0.000000   -2.816582 
      9          7           0        2.321551    0.000000   -2.913763 
     10          5           0        3.542690    0.000000   -2.213757 
     11          7           0        3.577052    0.000000   -0.776764 
     12          1           0        4.438056    0.000000   -0.249160 
     13          1           0        4.607518    0.000000   -2.774358 
     14          1           0        3.362701    0.000000    1.886806 
     15          1           0        1.243993    0.000000    3.149104 
     16          1           0       -0.931606    0.000000    1.940836 
     17          1           0       -0.943195    0.000000   -0.545854 
 --------------------------------------------------------------------- ETot:	-480.315341405	Hartree									
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Figure	A1.150: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	3,1,2-benzoxazaborininone	(2.99)	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.027351    0.000000    0.023468 
      2          6           0        0.033282    0.000000    1.420530 
      3          6           0        1.225967    0.000000    2.123344 
      4          6           0        2.442096    0.000000    1.433661 
      5          6           0        2.444369    0.000000    0.027431 
      6          6           0        1.228146    0.000000   -0.662849 
      7          1           0        1.259324    0.000000   -1.744634 
      8          6           0        3.710117    0.000000   -0.734205 
      9          8           0        4.865345    0.000000    0.018465 
     10          5           0        4.887655    0.000000    1.394997 
     11          7           0        3.665181    0.000000    2.095925 
     12          1           0        3.636135    0.000000    3.104262 
     13          1           0        5.933750    0.000000    1.953099 
     14          8           0        3.789436    0.000000   -1.932652 
     15          1           0        1.225036    0.000000    3.207698 
     16          1           0       -0.903963    0.000000    1.964272 
     17          1           0       -0.910313    0.000000   -0.517311 
 --------------------------------------------------------------------- ETot:	-500.67507438	Hartree		
Figure	A1.151: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	3,1,2-benzoxazaborininone	(2.99)	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000302    0.000000   -0.002531 
      2          6           0        0.004084    0.000000    1.397314 
      3          6           0        1.193145    0.000000    2.104609 
      4          6           0        2.413349    0.000000    1.419016 
      5          6           0        2.417790    0.000000    0.010715 
      6          6           0        1.201433    0.000000   -0.685440 
      7          1           0        1.226615    0.000000   -1.767157 
      8          6           0        3.682956    0.000000   -0.734109 
      9          8           0        4.831733    0.000000    0.014602 
     10          5           0        4.850834    0.000000    1.401041 
     11          7           0        3.627986    0.000000    2.089893 
     12          1           0        3.588972    0.000000    3.099184 
     13          1           0        5.899127    0.000000    1.950268 
     14          8           0        3.781389    0.000000   -1.941347 
     15          1           0        1.190592    0.000000    3.188067 
     16          1           0       -0.934421    0.000000    1.938364 
     17          1           0       -0.936529    0.000000   -0.544330 
 --------------------------------------------------------------------- ETot:	-500.686921703	Hartree									
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Figure	A1.152: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	3,1,2-benzoxazaborinin-1-ide	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.002070    0.000000   -0.011196 
      2          6           0        0.012111    0.000000    1.397323 
      3          6           0        1.195355    0.000000    2.099558 
      4          6           0        2.464024    0.000000    1.442959 
      5          6           0        2.427397    0.000000    0.009118 
      6          6           0        1.208986    0.000000   -0.683613 
      7          1           0        1.246895    0.000000   -1.767191 
      8          6           0        3.684072    0.000000   -0.745630 
      9          8           0        3.768552    0.000000   -1.965578 
     10          8           0        4.815183    0.000000    0.002470 
     11          5           0        4.785054    0.000000    1.427350 
     12          7           0        3.608458    0.000000    2.161451 
     13          1           0        5.886808    0.000000    1.907716 
     14          1           0        1.204987    0.000000    3.184197 
     15          1           0       -0.930468    0.000000    1.938569 
     16          1           0       -0.935800    0.000000   -0.555430 
 --------------------------------------------------------------------- ETot:	-500.113499578	Hartree		
Figure	A1.153: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	3,1,2-benzoxazaborinin-1-ide	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.001636    0.000000   -0.000002 
      2          6           0        0.000753    0.000000    1.407682 
      3          6           0        1.180779    0.000000    2.118269 
      4          6           0        2.446433    0.000000    1.468227 
      5          6           0        2.425561    0.000000    0.037923 
      6          6           0        1.209007    0.000000   -0.666723 
      7          1           0        1.241806    0.000000   -1.749555 
      8          6           0        3.684281    0.000000   -0.699783 
      9          8           0        3.788379    0.000000   -1.922829 
     10          8           0        4.812979    0.000000    0.048264 
     11          5           0        4.778465    0.000000    1.473881 
     12          7           0        3.598031    0.000000    2.195541 
     13          1           0        5.874852    0.000000    1.959969 
     14          1           0        1.171664    0.000000    3.202500 
     15          1           0       -0.943993    0.000000    1.941073 
     16          1           0       -0.932388    0.000000   -0.548179 
 --------------------------------------------------------------------- ETot:	-500.194117299	Hartree											
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Figure	A1.154: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1,3,2-benzoxazaborininone	(2.100)	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.039044    0.000000    0.022981 
      2          6           0        0.068318    0.000000    1.420287 
      3          6           0        1.274381    0.000000    2.102443 
      4          6           0        2.465115    0.000000    1.381576 
      5          6           0        2.453885    0.000000   -0.019034 
      6          6           0        1.225503    0.000000   -0.687893 
      7          1           0        1.238257    0.000000   -1.770376 
      8          6           0        3.719117    0.000000   -0.786010 
      9          7           0        4.859395    0.000000    0.017232 
     10          5           0        4.843789    0.000000    1.434745 
     11          8           0        3.637871    0.000000    2.087720 
     12          1           0        5.838553    0.000000    2.078177 
     13          1           0        5.721380    0.000000   -0.512041 
     14          8           0        3.785816    0.000000   -1.999811 
     15          1           0        1.316847    0.000000    3.184020 
     16          1           0       -0.859342    0.000000    1.980068 
     17          1           0       -0.908712    0.000000   -0.500334 
 --------------------------------------------------------------------- ETot:	-500.676972414	Hartree		
Figure	A1.155: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1,3,2-benzoxazaborininone	(2.100)	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000323    0.000000   -0.000614 
      2          6           0        0.000069    0.000000    1.398038 
      3          6           0        1.191851    0.000000    2.105082 
      4          6           0        2.397535    0.000000    1.409097 
      5          6           0        2.417621    0.000000    0.007734 
      6          6           0        1.201527    0.000000   -0.686253 
      7          1           0        1.226864    0.000000   -1.768195 
      8          6           0        3.699574    0.000000   -0.725097 
      9          7           0        4.818104    0.000000    0.091725 
     10          5           0        4.774407    0.000000    1.510219 
     11          8           0        3.555023    0.000000    2.139126 
     12          1           0        5.754942    0.000000    2.172535 
     13          1           0        5.697802    0.000000   -0.409538 
     14          8           0        3.789002    0.000000   -1.946073 
     15          1           0        1.207563    0.000000    3.187407 
     16          1           0       -0.938767    0.000000    1.938150 
     17          1           0       -0.936172    0.000000   -0.543282 
 --------------------------------------------------------------------- ETot:	-500.685417254	Hartree									
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Figure	A1.156: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1,3,2-benzoxazaborinin-3-ide	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000642    0.000000    0.003471 
      2          6           0       -0.014405    0.000000    1.401221 
      3          6           0        1.176273    0.000000    2.111593 
      4          6           0        2.398175    0.000000    1.427733 
      5          6           0        2.430259    0.000000    0.024400 
      6          6           0        1.216645    0.000000   -0.666254 
      7          1           0        1.271328    0.000000   -1.748729 
      8          6           0        3.757573    0.000000   -0.707956 
      9          8           0        3.729748    0.000000   -1.949727 
     10          7           0        4.873004    0.000000    0.051874 
     11          5           0        4.773471    0.000000    1.432653 
     12          8           0        3.538788    0.000000    2.152082 
     13          1           0        5.740206    0.000000    2.115276 
     14          1           0        1.189563    0.000000    3.195783 
     15          1           0       -0.958933    0.000000    1.936263 
     16          1           0       -0.931860    0.000000   -0.551303 
 --------------------------------------------------------------------- ETot:	-500.105329059	Hartree		
Figure	A1.157: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1,3,2-benzoxazaborinin-3-ide	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.001204    0.000000   -0.001044 
      2          6           0        0.004473    0.000000    1.397709 
      3          6           0        1.202216    0.000000    2.094471 
      4          6           0        2.410466    0.000000    1.392313 
      5          6           0        2.429203    0.000000   -0.010162 
      6          6           0        1.204532    0.000000   -0.688766 
      7          1           0        1.224367    0.000000   -1.771120 
      8          6           0        3.741030    0.000000   -0.738458 
      9          8           0        3.729499    0.000000   -1.990899 
     10          7           0        4.870234    0.000000   -0.000965 
     11          5           0        4.783951    0.000000    1.390610 
     12          8           0        3.567700    0.000000    2.104325 
     13          1           0        5.740206    0.000000    2.115276 
     14          1           0        1.223419    0.000000    3.177688 
     15          1           0       -0.932083    0.000000    1.943062 
     16          1           0       -0.937466    0.000000   -0.541870 
 --------------------------------------------------------------------- ETot:	-500.193544554	Hartree											
	295	
Figure	A1.158: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	isoquinolinone	(2.101)	–	gas	phase		
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.036395    0.000000    0.010161 
      2          6           0        0.038547    0.000000    1.411716 
      3          6           0        1.228615    0.000000    2.111606 
      4          6           0        2.460744    0.000000    1.431544 
      5          6           0        2.448394    0.000000    0.016605 
      6          6           0        1.233469    0.000000   -0.678900 
      7          1           0        1.263959    0.000000   -1.760940 
      8          6           0        3.707047    0.000000   -0.745932 
      9          7           0        4.853141    0.000000    0.043787 
     10          6           0        4.867682    0.000000    1.418149 
     11          6           0        3.720723    0.000000    2.125818 
     12          1           0        3.750346    0.000000    3.206501 
     13          1           0        5.846581    0.000000    1.877918 
     14          1           0        5.720804    0.000000   -0.473790 
     15          8           0        3.797542    0.000000   -1.965332 
     16          1           0        1.224487    0.000000    3.195671 
     17          1           0       -0.901750    0.000000    1.950656 
     18          1           0       -0.902534    0.000000   -0.529738 
 --------------------------------------------------------------------- ETot:	-477.315096123	Hartree		
Figure	A1.159: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	isoquinolinone	(2.101)	–	aqueous	phase		
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000264    0.000000   -0.001134 
      2          6           0        0.000825    0.000000    1.402605 
      3          6           0        1.189448    0.000000    2.103686 
      4          6           0        2.424252    0.000000    1.424267 
      5          6           0        2.415180    0.000000    0.007625 
      6          6           0        1.197537    0.000000   -0.688635 
      7          1           0        1.218512    0.000000   -1.770665 
      8          6           0        3.675538    0.000000   -0.742808 
      9          7           0        4.812533    0.000000    0.040053 
     10          6           0        4.828405    0.000000    1.414548 
     11          6           0        3.679535    0.000000    2.121262 
     12          1           0        3.706413    0.000000    3.201886 
     13          1           0        5.808630    0.000000    1.869520 
     14          1           0        5.689519    0.000000   -0.463932 
     15          8           0        3.766726    0.000000   -1.974141 
     16          1           0        1.184665    0.000000    3.187324 
     17          1           0       -0.940051    0.000000    1.939999 
     18          1           0       -0.938025    0.000000   -0.541700 
 --------------------------------------------------------------------- ETot:	-477.326922718	Hartree								
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Figure	A1.160: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	isoquinolin-4-ide	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000764    0.000000   -0.010892 
      2          6           0        0.005966    0.000000    1.396475 
      3          6           0        1.196950    0.000000    2.090846 
      4          6           0        2.458431    0.000000    1.438121 
      5          6           0        2.420647    0.000000    0.008279 
      6          6           0        1.201797    0.000000   -0.690553 
      7          1           0        1.237404    0.000000   -1.774145 
      8          6           0        3.670501    0.000000   -0.755485 
      9          8           0        3.758664    0.000000   -1.998898 
     10          7           0        4.785545    0.000000    0.034228 
     11          6           0        4.788646    0.000000    1.446992 
     12          6           0        3.680392    0.000000    2.226522 
     13          1           0        5.807797    0.000000    1.835604 
     14          1           0        5.659416    0.000000   -0.477160 
     15          1           0        1.213010    0.000000    3.175405 
     16          1           0       -0.936542    0.000000    1.937095 
     17          1           0       -0.938523    0.000000   -0.554711 
 --------------------------------------------------------------------- ETot:	-476.689632014	Hartree		
Figure	A1.161: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	isoquinolin-4-ide	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000299    0.000000    0.000877 
      2          6           0       -0.002481    0.000000    1.406987 
      3          6           0        1.185724    0.000000    2.107545 
      4          6           0        2.447704    0.000000    1.458653 
      5          6           0        2.421142    0.000000    0.030863 
      6          6           0        1.203515    0.000000   -0.673777 
      7          1           0        1.231129    0.000000   -1.756694 
      8          6           0        3.675275    0.000000   -0.720940 
      9          8           0        3.763148    0.000000   -1.968383 
     10          7           0        4.790870    0.000000    0.060848 
     11          6           0        4.792870    0.000000    1.466689 
     12          6           0        3.676422    0.000000    2.239599 
     13          1           0        5.806983    0.000000    1.858492 
     14          1           0        5.672401    0.000000   -0.437890 
     15          1           0        1.179113    0.000000    3.192128 
     16          1           0       -0.946286    0.000000    1.941520 
     17          1           0       -0.935387    0.000000   -0.545876 
 --------------------------------------------------------------------- ETot:	-476.77950934	Hartree									
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Figure	A1.162: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	isoquinolin-2-ide	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.000227    0.000000   -0.002293 
      2          6           0       -0.015493    0.000000    1.404309 
      3          6           0        1.165805    0.000000    2.114318 
      4          6           0        2.419329    0.000000    1.451174 
      5          6           0        2.428424    0.000000    0.028772 
      6          6           0        1.213075    0.000000   -0.667827 
      7          1           0        1.266001    0.000000   -1.750400 
      8          6           0        3.717811    0.000000   -0.717076 
      9          8           0        3.717839    0.000000   -1.963900 
     10          7           0        4.881679    0.000000    0.008112 
     11          6           0        4.812776    0.000000    1.344957 
     12          6           0        3.669424    0.000000    2.119912 
     13          1           0        3.726745    0.000000    3.203022 
     14          1           0        5.780037    0.000000    1.853512 
     15          1           0        1.148398    0.000000    3.200764 
     16          1           0       -0.963748    0.000000    1.934322 
     17          1           0       -0.933117    0.000000   -0.556698 
 --------------------------------------------------------------------- ETot:	-476.752323618	Hartree		
Figure	A1.163: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	isoquinolin-2-ide	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.002547    0.000000   -0.000011 
      2          6           0        0.005282    0.000000    1.407772 
      3          6           0        1.195060    0.000000    2.101969 
      4          6           0        2.435847    0.000000    1.418133 
      5          6           0        2.429967    0.000000   -0.002299 
      6          6           0        1.201049    0.000000   -0.685556 
      7          1           0        1.219604    0.000000   -1.768132 
      8          6           0        3.707509    0.000000   -0.742904 
      9          8           0        3.710637    0.000000   -2.007617 
     10          7           0        4.871887    0.000000   -0.042019 
     11          6           0        4.829210    0.000000    1.310833 
     12          6           0        3.694191    0.000000    2.080868 
     13          1           0        3.753433    0.000000    3.162622 
     14          1           0        5.801068    0.000000    1.801746 
     15          1           0        1.193319    0.000000    3.186985 
     16          1           0       -0.935241    0.000000    1.947539 
     17          1           0       -0.937433    0.000000   -0.539521 
 --------------------------------------------------------------------- ETot:	-476.841303383	Hartree										
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Figure	A1.164: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	quinolinone	(2.102)	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.015242    0.000000   -0.006006 
      2          6           0       -0.007642    0.000000    1.400801 
      3          7           0        1.205888    0.000000    2.065786 
      4          6           0        2.392534    0.000000    1.393812 
      5          6           0        2.458339    0.000000    0.042450 
      6          6           0        1.255413    0.000000   -0.773844 
      7          8           0        1.275845    0.000000   -2.002940 
      8          1           0        3.416866    0.000000   -0.457357 
      9          1           0        3.277038    0.000000    2.018333 
     10          1           0        1.206509    0.000000    3.072798 
     11          6           0       -1.213952    0.000000    2.117232 
     12          6           0       -2.413452    0.000000    1.434688 
     13          6           0       -2.436130    0.000000    0.033169 
     14          6           0       -1.248806    0.000000   -0.670897 
     15          1           0       -1.229511    0.000000   -1.753563 
     16          1           0       -3.383193    0.000000   -0.491892 
     17          1           0       -3.343288    0.000000    1.990873 
     18          1           0       -1.197216    0.000000    3.202057 
 --------------------------------------------------------------------- ETot:	-477.300163192	Hartree		
Figure	A1.165: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	quinolinone	(2.102)	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.004519    0.000000   -0.005355 
      2          6           0        0.004434    0.000000    1.404374 
      3          7           0        1.209176    0.000000    2.076120 
      4          6           0        2.392115    0.000000    1.418807 
      5          6           0        2.465011    0.000000    0.060123 
      6          6           0        1.276796    0.000000   -0.754273 
      7          8           0        1.307493    0.000000   -1.999418 
      8          1           0        3.431865    0.000000   -0.424197 
      9          1           0        3.273261    0.000000    2.046045 
     10          1           0        1.205764    0.000000    3.085949 
     11          6           0       -1.206458    0.000000    2.116748 
     12          6           0       -2.401441    0.000000    1.429295 
     13          6           0       -2.418751    0.000000    0.024896 
     14          6           0       -1.230399    0.000000   -0.674979 
     15          1           0       -1.219713    0.000000   -1.757286 
     16          1           0       -3.364098    0.000000   -0.503096 
     17          1           0       -3.333716    0.000000    1.980749 
     18          1           0       -1.190238    0.000000    3.200408 
 --------------------------------------------------------------------- ETot:	-477.316904046	Hartree								
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Figure	A1.166: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	quinolin-1-ide	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.016628    0.000000   -0.009680 
      2          6           0        0.049649    0.000000    1.418416 
      3          7           0        1.199679    0.000000    2.151152 
      4          6           0        2.327471    0.000000    1.437232 
      5          6           0        2.436020    0.000000    0.054361 
      6          6           0        1.275664    0.000000   -0.778785 
      7          8           0        1.295912    0.000000   -2.033695 
      8          1           0        3.412278    0.000000   -0.419345 
      9          1           0        3.246409    0.000000    2.027233 
     10          6           0       -1.192828    0.000000    2.107245 
     11          6           0       -2.390448    0.000000    1.429702 
     12          6           0       -2.413343    0.000000    0.020550 
     13          6           0       -1.220927    0.000000   -0.674240 
     14          1           0       -1.196544    0.000000   -1.758403 
     15          1           0       -3.360582    0.000000   -0.509268 
     16          1           0       -3.323984    0.000000    1.985312 
     17          1           0       -1.160538    0.000000    3.191761 
 --------------------------------------------------------------------- ETot:	-476.755297232	Hartree		
Figure	A1.167: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	quinolin-1-ide	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000000    0.000000    0.000000 
      2          6           0        0.000000    0.000000    1.428478 
      3          7           0        1.132785    0.000000    2.187602 
      4          6           0        2.276779    0.000000    1.499943 
      5          6           0        2.417265    0.000000    0.119951 
      6          6           0        1.276478    0.000000   -0.739795 
      7          8           0        1.325730    0.000000   -1.993902 
      8          1           0        3.404213    0.000000   -0.331061 
      9          1           0        3.181833    0.000000    2.111029 
     10          6           0       -1.258067    0.000000    2.088401 
     11          6           0       -2.439706    0.000000    1.383355 
     12          6           0       -2.430020    0.000000   -0.025949 
     13          6           0       -1.221862    0.000000   -0.692990 
     14          1           0       -1.172424    0.000000   -1.776300 
     15          1           0       -3.364759    0.000000   -0.577522 
     16          1           0       -3.385836    0.000000    1.917237 
     17          1           0       -1.250856    0.000000    3.173374 
 --------------------------------------------------------------------- ETot:	-476.838434415	Hartree									
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Figure	A1.168: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	quinolin-3-ide	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.001601    0.095213   -0.029201 
      2          6           0       -0.024487    0.123678    1.384814 
      3          7           0        1.162669    0.227967    2.044867 
      4          6           0        2.367875    0.443214    1.332882 
      5          6           0        2.526251    0.412706   -0.008530 
      6          6           0        1.314245    0.111450   -0.765916 
      7          8           0        1.287154   -0.133937   -1.985319 
      8          1           0        3.182219    0.654174    2.032797 
      9          1           0        1.152537    0.309448    3.052041 
     10          6           0       -1.255071    0.042992    2.070135 
     11          6           0       -2.438971   -0.046595    1.365115 
     12          6           0       -2.429588   -0.063807   -0.038151 
     13          6           0       -1.219351    0.003510   -0.708393 
     14          1           0       -1.168964   -0.025648   -1.791058 
     15          1           0       -3.362714   -0.135003   -0.587397 
     16          1           0       -3.379694   -0.103062    1.904035 
     17          1           0       -1.261353    0.057343    3.156880 
 --------------------------------------------------------------------- ETot:	-476.664150187	Hartree		
Figure	A1.169: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	quinolin-3-ide	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.002931    0.000000   -0.008302 
      2          6           0        0.002429    0.000000    1.404411 
      3          7           0        1.205269    0.000000    2.050820 
      4          6           0        2.398945    0.000000    1.346758 
      5          6           0        2.533577    0.000000   -0.012532 
      6          6           0        1.287133    0.000000   -0.755013 
      7          8           0        1.241455    0.000000   -2.016469 
      8          1           0        3.251941    0.000000    2.023372 
      9          1           0        1.219059    0.000000    3.060916 
     10          6           0       -1.212007    0.000000    2.121133 
     11          6           0       -2.410309    0.000000    1.441260 
     12          6           0       -2.431333    0.000000    0.034976 
     13          6           0       -1.242075    0.000000   -0.665320 
     14          1           0       -1.237774    0.000000   -1.748018 
     15          1           0       -3.378507    0.000000   -0.491344 
     16          1           0       -3.340909    0.000000    1.996817 
     17          1           0       -1.191585    0.000000    3.205542 
 --------------------------------------------------------------------- ETot:	-476.767911396	Hartree									
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Figure	A1.170: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	isochromenone	(2.103)	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.028027    0.000000    0.012129 
      2          6           0        0.022151    0.000000    1.411557 
      3          6           0        1.209761    0.000000    2.120703 
      4          6           0        2.438749    0.000000    1.444150 
      5          6           0        2.437063    0.000000    0.034690 
      6          6           0        1.230027    0.000000   -0.671849 
      7          1           0        1.263641    0.000000   -1.753524 
      8          6           0        3.700769    0.000000   -0.715223 
      9          8           0        4.865870    0.000000    0.045811 
     10          6           0        4.838312    0.000000    1.404214 
     11          6           0        3.710178    0.000000    2.122568 
     12          1           0        3.763963    0.000000    3.202615 
     13          1           0        5.836618    0.000000    1.818387 
     14          8           0        3.816292    0.000000   -1.911200 
     15          1           0        1.200095    0.000000    3.204417 
     16          1           0       -0.921292    0.000000    1.944645 
     17          1           0       -0.907289    0.000000   -0.533589 
 --------------------------------------------------------------------- ETot:	-497.170550985	Hartree		
Figure	A1.171: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	isochromenone	(2.103)	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.000154    0.000000   -0.001372 
      2          6           0        0.002352    0.000000    1.399953 
      3          6           0        1.193133    0.000000    2.103302 
      4          6           0        2.419023    0.000000    1.419431 
      5          6           0        2.410135    0.000000    0.008359 
      6          6           0        1.196827    0.000000   -0.692462 
      7          1           0        1.214909    0.000000   -1.774190 
      8          6           0        3.669037    0.000000   -0.734462 
      9          8           0        4.830574    0.000000    0.011815 
     10          6           0        4.817423    0.000000    1.377869 
     11          6           0        3.690016    0.000000    2.095737 
     12          1           0        3.744292    0.000000    3.175541 
     13          1           0        5.818760    0.000000    1.781999 
     14          8           0        3.791069    0.000000   -1.940470 
     15          1           0        1.190025    0.000000    3.186468 
     16          1           0       -0.938027    0.000000    1.937693 
     17          1           0       -0.938773    0.000000   -0.540807 
 --------------------------------------------------------------------- ETot:	-497.180298877	Hartree									
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Figure	A1.172: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	isochromen-4-ide	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.001948    0.000000   -0.010422 
      2          6           0        0.003659    0.000000    1.393859 
      3          6           0        1.194608    0.000000    2.093034 
      4          6           0        2.449157    0.000000    1.436477 
      5          6           0        2.419274    0.000000    0.016462 
      6          6           0        1.206623    0.000000   -0.688414 
      7          1           0        1.242862    0.000000   -1.771484 
      8          6           0        3.678227    0.000000   -0.745646 
      9          8           0        4.811109    0.000000   -0.022740 
     10          6           0        4.772278    0.000000    1.423203 
     11          6           0        3.688705    0.000000    2.200450 
     12          1           0        5.811797    0.000000    1.732012 
     13          8           0        3.748252    0.000000   -1.969366 
     14          1           0        1.208597    0.000000    3.177347 
     15          1           0       -0.940255    0.000000    1.931629 
     16          1           0       -0.935520    0.000000   -0.556771 
 --------------------------------------------------------------------- ETot:	-496.556783348	Hartree		
Figure	A1.173: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	isochromen-4-ide	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.000225    0.000000    0.000717 
      2          6           0       -0.000358    0.000000    1.403526 
      3          6           0        1.190871    0.000000    2.105208 
      4          6           0        2.441445    0.000000    1.448021 
      5          6           0        2.415987    0.000000    0.028801 
      6          6           0        1.202957    0.000000   -0.678504 
      7          1           0        1.226831    0.000000   -1.761014 
      8          6           0        3.673601    0.000000   -0.721910 
      9          8           0        4.809881    0.000000   -0.002093 
     10          6           0        4.780298    0.000000    1.436066 
     11          6           0        3.689573    0.000000    2.204752 
     12          1           0        5.818001    0.000000    1.747589 
     13          8           0        3.761804    0.000000   -1.947229 
     14          1           0        1.187038    0.000000    3.189472 
     15          1           0       -0.943126    0.000000    1.939317 
     16          1           0       -0.936402    0.000000   -0.544508 
 --------------------------------------------------------------------- ETot:	-496.642678107	Hartree											
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Figure	A1.174: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1H-quinazolinone	(2.104)	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.035399    0.000000    0.030713 
      2          6           0        0.041965    0.000000    1.430415 
      3          6           0        1.234976    0.000000    2.129566 
      4          6           0        2.439781    0.000000    1.419599 
      5          6           0        2.451396    0.000000    0.018470 
      6          6           0        1.230780    0.000000   -0.664228 
      7          1           0        1.259384    0.000000   -1.746317 
      8          6           0        3.745958    0.000000   -0.711412 
      9          7           0        4.920288    0.000000    0.063989 
     10          6           0        4.825185    0.000000    1.346344 
     11          7           0        3.669048    0.000000    2.063800 
     12          1           0        3.707983    0.000000    3.071670 
     13          1           0        5.731183    0.000000    1.948993 
     14          8           0        3.798695    0.000000   -1.925826 
     15          1           0        1.241483    0.000000    3.213993 
     16          1           0       -0.894563    0.000000    1.974943 
     17          1           0       -0.906007    0.000000   -0.504212 
 --------------------------------------------------------------------- ETot:	-493.350802377	Hartree		
Figure	A1.175: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1H-quinazolinone	(2.104)	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.001881    0.000000   -0.001653 
      2          6           0        0.005732    0.000000    1.400790 
      3          6           0        1.194566    0.000000    2.104505 
      4          6           0        2.402101    0.000000    1.396791 
      5          6           0        2.417726    0.000000   -0.006429 
      6          6           0        1.196885    0.000000   -0.694626 
      7          1           0        1.215977    0.000000   -1.776458 
      8          6           0        3.712359    0.000000   -0.715056 
      9          7           0        4.874269    0.000000    0.054030 
     10          6           0        4.775489    0.000000    1.349852 
     11          7           0        3.624388    0.000000    2.046557 
     12          1           0        3.659042    0.000000    3.057165 
     13          1           0        5.677791    0.000000    1.952641 
     14          8           0        3.783881    0.000000   -1.944039 
     15          1           0        1.200459    0.000000    3.187808 
     16          1           0       -0.932379    0.000000    1.941894 
     17          1           0       -0.938721    0.000000   -0.537589 
 --------------------------------------------------------------------- ETot:	-493.372400975	Hartree									
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Figure	A1.176: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1H-quinazolin-1-ide	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.005131    0.000000   -0.005917 
      2          6           0        0.014016    0.000000    1.401052 
      3          6           0        1.205012    0.000000    2.094781 
      4          6           0        2.444814    0.000000    1.409286 
      5          6           0        2.428412    0.000000   -0.007833 
      6          6           0        1.205594    0.000000   -0.691801 
      7          1           0        1.240455    0.000000   -1.775341 
      8          6           0        3.719171    0.000000   -0.732848 
      9          7           0        4.854321    0.000000    0.044138 
     10          6           0        4.709267    0.000000    1.367093 
     11          7           0        3.613976    0.000000    2.118906 
     12          1           0        5.646352    0.000000    1.929212 
     13          8           0        3.762617    0.000000   -1.973264 
     14          1           0        1.227061    0.000000    3.179277 
     15          1           0       -0.925945    0.000000    1.945375 
     16          1           0       -0.937083    0.000000   -0.544084 
 --------------------------------------------------------------------- ETot:	-492.816175687	Hartree		
Figure	A1.177: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	1H-quinazolin-1-ide	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.001689    0.000000   -0.000079 
      2          6           0        0.002527    0.000000    1.406905 
      3          6           0        1.189766    0.000000    2.107282 
      4          6           0        2.427551    0.000000    1.424521 
      5          6           0        2.423210    0.000000    0.009566 
      6          6           0        1.200985    0.000000   -0.683544 
      7          1           0        1.222816    0.000000   -1.766251 
      8          6           0        3.715133    0.000000   -0.691656 
      9          7           0        4.843774    0.000000    0.080465 
     10          6           0        4.701111    0.000000    1.412157 
     11          7           0        3.600471    0.000000    2.141913 
     12          1           0        5.634966    0.000000    1.974580 
     13          8           0        3.783306    0.000000   -1.942682 
     14          1           0        1.197628    0.000000    3.191205 
     15          1           0       -0.939272    0.000000    1.944026 
     16          1           0       -0.937483    0.000000   -0.540385 
 --------------------------------------------------------------------- ETot:	-492.902733272	Hartree											
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Figure	A1.178: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	3H-quinazolinone	(2.105)	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.046423    0.000000    0.022780 
      2          6           0        0.081453    0.000000    1.424145 
      3          6           0        1.285990    0.000000    2.100143 
      4          6           0        2.494969    0.000000    1.387822 
      5          6           0        2.453976    0.000000   -0.024482 
      6          6           0        1.225780    0.000000   -0.695935 
      7          1           0        1.230040    0.000000   -1.778462 
      8          6           0        3.709360    0.000000   -0.779725 
      9          7           0        4.834398    0.000000    0.051425 
     10          6           0        4.773230    0.000000    1.419708 
     11          7           0        3.687348    0.000000    2.103384 
     12          1           0        5.732707    0.000000    1.928271 
     13          1           0        5.729852    0.000000   -0.419476 
     14          8           0        3.831077    0.000000   -1.991582 
     15          1           0        1.328462    0.000000    3.181814 
     16          1           0       -0.846761    0.000000    1.983381 
     17          1           0       -0.905068    0.000000   -0.494462 
 --------------------------------------------------------------------- ETot:	-493.365456343	Hartree		
Figure	A1.179: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	3H-quinazolinone	(2.105)	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.000375    0.000000   -0.001370 
      2          6           0       -0.001013    0.000000    1.401809 
      3          6           0        1.186099    0.000000    2.107630 
      4          6           0        2.414689    0.000000    1.426671 
      5          6           0        2.410286    0.000000    0.013526 
      6          6           0        1.197205    0.000000   -0.688642 
      7          1           0        1.220370    0.000000   -1.770749 
      8          6           0        3.684770    0.000000   -0.702275 
      9          7           0        4.784017    0.000000    0.147271 
     10          6           0        4.694465    0.000000    1.510161 
     11          7           0        3.588831    0.000000    2.170094 
     12          1           0        5.643149    0.000000    2.035062 
     13          1           0        5.697857    0.000000   -0.289066 
     14          8           0        3.832306    0.000000   -1.919629 
     15          1           0        1.194139    0.000000    3.190396 
     16          1           0       -0.942715    0.000000    1.937274 
     17          1           0       -0.938192    0.000000   -0.542341 
 --------------------------------------------------------------------- ETot:	-493.378040404	Hartree									
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Figure	A1.180: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	3H-quinazolin-3-ide	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.000056    0.000000   -0.002266 
      2          6           0       -0.012624    0.000000    1.404304 
      3          6           0        1.168064    0.000000    2.116301 
      4          6           0        2.416957    0.000000    1.449116 
      5          6           0        2.422601    0.000000    0.032337 
      6          6           0        1.210641    0.000000   -0.670420 
      7          1           0        1.261645    0.000000   -1.753266 
      8          6           0        3.725056    0.000000   -0.673315 
      9          8           0        3.785720    0.000000   -1.913174 
     10          7           0        4.847576    0.000000    0.120203 
     11          6           0        4.682220    0.000000    1.441332 
     12          7           0        3.576413    0.000000    2.176537 
     13          1           0        5.610618    0.000000    2.017724 
     14          1           0        1.173387    0.000000    3.200914 
     15          1           0       -0.960862    0.000000    1.934056 
     16          1           0       -0.934172    0.000000   -0.554463 
 --------------------------------------------------------------------- ETot:	-492.816176326	Hartree		
Figure	A1.181: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	3H-quinazolin-3-ide	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.001384    0.000000   -0.000337 
      2          6           0        0.002452    0.000000    1.406627 
      3          6           0        1.189819    0.000000    2.106814 
      4          6           0        2.427495    0.000000    1.423872 
      5          6           0        2.422910    0.000000    0.008914 
      6          6           0        1.200610    0.000000   -0.683977 
      7          1           0        1.222325    0.000000   -1.766693 
      8          6           0        3.714775    0.000000   -0.692566 
      9          8           0        3.782672    0.000000   -1.943563 
     10          7           0        4.843515    0.000000    0.079395 
     11          6           0        4.701019    0.000000    1.411136 
     12          7           0        3.600532    0.000000    2.141081 
     13          1           0        5.635001    0.000000    1.973357 
     14          1           0        1.197882    0.000000    3.190740 
     15          1           0       -0.939239    0.000000    1.943945 
     16          1           0       -0.937849    0.000000   -0.540540 
 --------------------------------------------------------------------- ETot:	-492.902733387	Hartree											
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Figure	A1.182: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	chromenone	(2.106)	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.034118    0.000000    0.035419 
      2          6           0        0.079799    0.000000    1.435353 
      3          6           0        1.292198    0.000000    2.100637 
      4          6           0        2.468612    0.000000    1.353613 
      5          6           0        2.450235    0.000000   -0.043823 
      6          6           0        1.207966    0.000000   -0.692125 
      7          1           0        1.207143    0.000000   -1.774903 
      8          6           0        3.720609    0.000000   -0.804377 
      9          6           0        4.908851    0.000000    0.041634 
     10          6           0        4.808498    0.000000    1.379170 
     11          8           0        3.644216    0.000000    2.062224 
     12          1           0        5.652864    0.000000    2.055377 
     13          1           0        5.883609    0.000000   -0.426345 
     14          8           0        3.763654    0.000000   -2.027642 
     15          1           0        1.350737    0.000000    3.181476 
     16          1           0       -0.840781    0.000000    2.006383 
     17          1           0       -0.921774    0.000000   -0.473321 
 --------------------------------------------------------------------- ETot:	-497.157082805	Hartree		
Figure	A1.183: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	chromenone	(2.106)	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000713    0.000000   -0.000849 
      2          6           0        0.001796    0.000000    1.401440 
      3          6           0        1.191963    0.000000    2.104763 
      4          6           0        2.391793    0.000000    1.395040 
      5          6           0        2.419929    0.000000   -0.003808 
      6          6           0        1.196320    0.000000   -0.691173 
      7          1           0        1.217694    0.000000   -1.773260 
      8          6           0        3.713274    0.000000   -0.711777 
      9          6           0        4.868431    0.000000    0.164374 
     10          6           0        4.727106    0.000000    1.501549 
     11          8           0        3.542227    0.000000    2.139963 
     12          1           0        5.550755    0.000000    2.201733 
     13          1           0        5.861297    0.000000   -0.264121 
     14          8           0        3.800292    0.000000   -1.943648 
     15          1           0        1.213410    0.000000    3.186853 
     16          1           0       -0.936305    0.000000    1.942448 
     17          1           0       -0.938710    0.000000   -0.538787 
 --------------------------------------------------------------------- ETot:	-497.166813033	Hartree									
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Figure	A1.184: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	chromen-3-ide	–	gas	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.087473    0.036604   -0.006930 
      2          6           0       -0.063086    0.028874    1.394457 
      3          6           0        1.140229   -0.045514    2.071881 
      4          6           0        2.345049   -0.121755    1.353988 
      5          6           0        2.340889   -0.098584   -0.051959 
      6          6           0        1.105552   -0.020515   -0.707297 
      7          1           0        1.128410    0.009062   -1.790851 
      8          6           0        3.640960   -0.081507   -0.800500 
      9          6           0        4.843048   -0.407318   -0.041961 
     10          6           0        4.692346   -0.443916    1.279450 
     11          8           0        3.483503   -0.214329    2.056090 
     12          1           0        5.450095   -0.660876    2.027176 
     13          8           0        3.618122    0.218906   -2.002555 
     14          1           0        1.180553   -0.055429    3.155243 
     15          1           0       -0.991278    0.079814    1.954970 
     16          1           0       -1.033997    0.094952   -0.534246 
 --------------------------------------------------------------------- ETot:	-496.536734759	Hartree		
Figure	A1.185: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	chromen-3-ide	–	aqueous	phase	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.002258    0.000000    0.000170 
      2          6           0        0.008567    0.000000    1.403556 
      3          6           0        1.203219    0.000000    2.097013 
      4          6           0        2.410901    0.000000    1.386820 
      5          6           0        2.432438    0.000000   -0.015638 
      6          6           0        1.198768    0.000000   -0.690069 
      7          1           0        1.215438    0.000000   -1.772666 
      8          6           0        3.733978    0.000000   -0.730820 
      9          8           0        3.735719    0.000000   -1.980925 
     10          6           0        4.952173    0.000000    0.067725 
     11          6           0        4.767342    0.000000    1.397370 
     12          8           0        3.551827    0.000000    2.109818 
     13          1           0        5.549823    0.000000    2.150206 
     14          1           0        1.229018    0.000000    3.179870 
     15          1           0       -0.927374    0.000000    1.949644 
     16          1           0       -0.939182    0.000000   -0.535945 
 --------------------------------------------------------------------- ETot:	-496.629751374	Hartree											
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Figure	A1.186: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	2-phenyl-1,3,2-benzodiazaborininone	(2.59)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000197   -0.003638   -0.000297 
      2          6           0        0.000184    0.004273    1.407428 
      3          6           0        1.266506    0.008245    2.175459 
      4          7           0        2.419666   -0.000721    1.399870 
      5          1           0        3.258883    0.036568    1.963459 
      6          5           0        2.471077   -0.008229   -0.030256 
      7          7           0        1.208759   -0.006709   -0.684478 
      8          1           0        1.143958   -0.060603   -1.689459 
      9          6           0        3.820378   -0.019910   -0.819213 
     10          6           0        4.967011   -0.632930   -0.292325 
     11          6           0        6.167032   -0.652217   -0.993728 
     12          6           0        6.251869   -0.047699   -2.243834 
     13          6           0        5.130646    0.571715   -2.786984 
     14          6           0        3.932419    0.580191   -2.082525 
     15          1           0        3.075892    1.084761   -2.518358 
     16          1           0        5.192031    1.051232   -3.756965 
     17          1           0        7.187032   -0.057674   -2.791264 
     18          1           0        7.035472   -1.139706   -0.566441 
     19          1           0        4.920906   -1.122389    0.675011 
     20          8           0        1.318107    0.024085    3.394469 
     21          6           0       -1.216099    0.009264    2.096637 
     22          6           0       -2.418682    0.003228    1.413832 
     23          6           0       -2.414070   -0.008270    0.016131 
     24          6           0       -1.222066   -0.011645   -0.685717 
     25          1           0       -1.225160   -0.019092   -1.770454 
     26          1           0       -3.351338   -0.014078   -0.527881 
     27          1           0       -3.355916    0.006331    1.955678 
     28          1           0       -1.179665    0.016821    3.178489 
 --------------------------------------------------------------------- ETot:	-711.932417191	Hartree																							
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Figure	A1.187: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	2-(p-tolyl)-1,3,2-benzodiazaborininone	(2.64)			
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.008030   -0.040266    0.036847 
      2          6           0        0.007563   -0.032608    1.543635 
      3          6           0        1.148831    0.347943    2.251925 
      4          6           0        1.151853    0.379377    3.640635 
      5          6           0        0.015564    0.037502    4.387753 
      6          6           0       -1.124655   -0.342796    3.664998 
      7          6           0       -1.128134   -0.382548    2.276970 
      8          1           0       -2.025996   -0.693876    1.753532 
      9          1           0       -2.025889   -0.637539    4.192872 
     10          5           0        0.019840    0.073031    5.948291 
     11          7           0        1.201187   -0.138389    6.712258 
     12          6           0        1.221802   -0.114929    8.100259 
     13          6           0        2.408221   -0.336099    8.812852 
     14          6           0        2.405744   -0.308497   10.195844 
     15          6           0        1.225267   -0.060496   10.902050 
     16          6           0        0.050601    0.156976   10.205304 
     17          6           0        0.029976    0.131778    8.807761 
     18          6           0       -1.248802    0.367788    8.098856 
     19          7           0       -1.165375    0.319684    6.713123 
     20          1           0       -2.052682    0.520021    6.270714 
     21          8           0       -2.304815    0.594710    8.667155 
     22          1           0       -0.883192    0.351357   10.717254 
     23          1           0        1.231702   -0.039900   11.984436 
     24          1           0        3.331250   -0.480984   10.732676 
     25          1           0        3.327940   -0.527811    8.270500 
     26          1           0        2.075412   -0.367104    6.264632 
     27          1           0        2.057440    0.697543    4.147817 
     28          1           0        2.045884    0.625243    1.708296 
     29          1           0       -0.656729   -0.827983   -0.350963 
     30          1           0       -0.381821    0.911347   -0.354330 
     31          1           0        0.992713   -0.190855   -0.371695 
 --------------------------------------------------------------------- ETot:	-751.261653146	Hartree																			
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Figure	A1.188: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	2-(4-methoxyphenyl)-1,3,2-benzodiazaborininone	(2.65)		
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.026383    0.112703    0.189008 
      2          8           0        0.125946   -0.205784    1.570976 
      3          6           0        1.344790   -0.128251    2.169761 
      4          6           0        2.523874    0.244096    1.523400 
      5          6           0        3.714397    0.285095    2.243234 
      6          6           0        3.780825   -0.028277    3.605239 
      7          6           0        2.572013   -0.395197    4.224824 
      8          6           0        1.378402   -0.450807    3.530049 
      9          1           0        0.456327   -0.743121    4.016947 
     10          1           0        2.563716   -0.664031    5.276030 
     11          5           0        5.121641    0.029961    4.396423 
     12          7           0        6.388253   -0.151634    3.771628 
     13          6           0        7.590689   -0.105033    4.463421 
     14          6           0        8.814487   -0.294890    3.806885 
     15          6           0       10.001097   -0.245806    4.516201 
     16          6           0        9.999360   -0.006745    5.893333 
     17          6           0        8.795423    0.180250    6.547765 
     18          6           0        7.584578    0.132837    5.850919 
     19          6           0        6.316699    0.337413    6.588564 
     20          7           0        5.170045    0.269951    5.808379 
     21          1           0        4.333325    0.451795    6.346765 
     22          8           0        6.260874    0.556667    7.788122 
     23          1           0        8.753740    0.367382    7.613193 
     24          1           0       10.932238    0.030729    6.441380 
     25          1           0       10.939074   -0.394413    3.994024 
     26          1           0        8.822673   -0.479729    2.737912 
     27          1           0        6.456511   -0.378371    2.791492 
     28          1           0        4.610825    0.596628    1.716158 
     29          1           0        2.526090    0.506373    0.474657 
     30          1           0       -1.021815   -0.017208   -0.070591 
     31          1           0        0.322105    1.148339   -0.002447 
     32          1           0        0.637201   -0.560920   -0.419150 
 --------------------------------------------------------------------- ETot:	-826.493306457	Hartree																			
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Figure	A1.189: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	2-(4-(trifluoromethyl)phenyl)-1,3,2-benzodiazaborininone	(2.66)		
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.004903   -0.004122    0.000618 
      2          6           0        0.014829   -0.006178    1.503966 
      3          6           0        1.218752    0.007427    2.199294 
      4          1           0        2.155181    0.048096    1.659087 
      5          6           0        1.211272   -0.027404    3.588379 
      6          1           0        2.161911   -0.025294    4.110156 
      7          6           0        0.014953   -0.087188    4.315022 
      8          5           0        0.015709   -0.137254    5.880851 
      9          7           0       -0.965714   -0.855660    6.613051 
     10          6           0       -0.973890   -0.922137    8.001897 
     11          6           0       -1.953352   -1.652870    8.686613 
     12          6           0       -1.942761   -1.705156   10.068964 
     13          1           0       -2.706904   -2.274105   10.585317 
     14          6           0       -0.959530   -1.032813   10.800199 
     15          6           0        0.011199   -0.311078   10.130208 
     16          1           0        0.788549    0.221579   10.662888 
     17          6           0        0.020505   -0.246388    8.733606 
     18          6           0        1.078747    0.535010    8.054009 
     19          7           0        1.005115    0.532959    6.664054 
     20          1           0        1.725313    1.105787    6.243730 
     21          8           0        1.954669    1.145326    8.642812 
     22          1           0       -0.958673   -1.078068   11.881787 
     23          1           0       -2.719507   -2.175988    8.124431 
     24          1           0       -1.672748   -1.401258    6.144293 
     25          6           0       -1.183687   -0.101905    3.585653 
     26          1           0       -2.134256   -0.123769    4.107693 
     27          6           0       -1.191021   -0.058824    2.199363 
     28          1           0       -2.128672   -0.056872    1.657991 
     29          9           0        1.169294    0.389250   -0.530482 
     30          9           0       -0.265858   -1.237396   -0.497012 
     31          9           0       -0.960263    0.815417   -0.490837 
 --------------------------------------------------------------------- ETot:	-1049.08949152	Hartree																				
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Figure	A1.190: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	2-phenyl-3,1,2-benzoxazaborininone	(2.60)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.047586    0.000000   -0.033438 
      2          6           0        0.009577    0.000000    1.363507 
      3          6           0        1.179103    0.000000    2.103943 
      4          6           0        2.418965    0.000000    1.454935 
      5          6           0        2.462992    0.000000    0.049859 
      6          6           0        1.270470    0.000000   -0.679761 
      7          1           0        1.337772    0.000000   -1.760023 
      8          6           0        3.753585    0.000000   -0.667234 
      9          8           0        4.876828    0.000000    0.123293 
     10          5           0        4.875032    0.000000    1.509850 
     11          7           0        3.614526    0.000000    2.160132 
     12          1           0        3.535398    0.000000    3.165030 
     13          6           0        6.243171    0.000000    2.252114 
     14          6           0        7.436965    0.000000    1.514644 
     15          6           0        8.674221    0.000000    2.147544 
     16          6           0        8.746100    0.000000    3.537013 
     17          6           0        7.575566    0.000000    4.290501 
     18          6           0        6.342367    0.000000    3.651474 
     19          1           0        5.447058    0.000000    4.265710 
     20          1           0        7.626264    0.000000    5.372966 
     21          1           0        9.710124    0.000000    4.032258 
     22          1           0        9.583267    0.000000    1.557633 
     23          1           0        7.386601    0.000000    0.432502 
     24          8           0        3.873704    0.000000   -1.863592 
     25          1           0        1.142741    0.000000    3.187832 
     26          1           0       -0.944290    0.000000    1.877669 
     27          1           0       -0.872320    0.000000   -0.603860 
 --------------------------------------------------------------------- ETot:	-731.80672836	Hartree												
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Figure	A1.191: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	2-(p-tolyl)-3,1,2-benzoxazaborininone	(2.79)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.004321    0.003511   -0.037357 
      2          6           0        0.017378   -0.002694    1.469166 
      3          6           0        1.224322   -0.024439    2.171982 
      4          6           0        1.241437   -0.000697    3.559713 
      5          6           0        0.056699    0.043782    4.308028 
      6          5           0        0.039668    0.069977    5.861220 
      7          7           0        1.202042    0.048556    6.675691 
      8          6           0        1.134033    0.075156    8.061396 
      9          6           0        2.285081    0.054069    8.857749 
     10          6           0        2.173919    0.082068   10.237167 
     11          6           0        0.920674    0.131479   10.853579 
     12          6           0       -0.220038    0.152374   10.071539 
     13          6           0       -0.129027    0.124678    8.676877 
     14          6           0       -1.363903    0.147739    7.867459 
     15          8           0       -2.478203    0.189374    8.318268 
     16          8           0       -1.187524    0.118447    6.506947 
     17          1           0       -1.207212    0.190410   10.513681 
     18          1           0        0.844579    0.153104   11.933100 
     19          1           0        3.072731    0.065316   10.842342 
     20          1           0        3.261199    0.015786    8.386692 
     21          1           0        2.128085    0.012968    6.278786 
     22          6           0       -1.150417    0.061198    3.593014 
     23          6           0       -1.168941    0.036963    2.205548 
     24          1           0       -2.119917    0.046993    1.683435 
     25          1           0       -2.085429    0.091095    4.139519 
     26          1           0        2.206171   -0.020697    4.057735 
     27          1           0        2.159969   -0.062429    1.624316 
     28          1           0       -0.874377   -0.529509   -0.425354 
     29          1           0       -0.052183    1.027482   -0.421487 
     30          1           0        0.892790   -0.459625   -0.451786 
 --------------------------------------------------------------------- ETot:	-771.136065237	Hartree																					
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Figure	A1.192: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	2-(4-methoxyphenyl)-3,1,2-benzoxazaborininone	(2.80)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.024523   -0.000833    0.247556 
      2          8           0        0.098909   -0.003009    1.663890 
      3          6           0        1.343770   -0.002337    2.210069 
      4          6           0        2.530504    0.000384    1.474344 
      5          6           0        3.748083    0.000873    2.146170 
      6          6           0        3.833256   -0.001286    3.542654 
      7          6           0        2.618137   -0.003999    4.253751 
      8          6           0        1.397214   -0.004535    3.607902 
      9          1           0        0.466775   -0.006635    4.162023 
     10          1           0        2.643359   -0.005727    5.336724 
     11          5           0        5.180887   -0.000794    4.307529 
     12          7           0        6.459061    0.001709    3.686749 
     13          6           0        7.636850    0.002071    4.419505 
     14          6           0        8.892182    0.004587    3.799589 
     15          6           0       10.044292    0.004904    4.566572 
     16          6           0        9.974866    0.002740    5.962360 
     17          6           0        8.737265    0.000248    6.580217 
     18          6           0        7.561982   -0.000129    5.823465 
     19          6           0        6.254766   -0.002856    6.510420 
     20          8           0        5.151311   -0.002925    5.696033 
     21          8           0        6.108561   -0.004716    7.704471 
     22          1           0        8.644786   -0.001482    7.658600 
     23          1           0       10.881646    0.003011    6.553451 
     24          1           0       11.009629    0.006865    4.074084 
     25          1           0        8.954175    0.006290    2.716830 
     26          1           0        6.563027    0.003294    2.684185 
     27          1           0        4.649813    0.003033    1.541182 
     28          1           0        2.516807    0.002177    0.393549 
     29          1           0       -1.092789   -0.001736    0.043134 
     30          1           0        0.427889    0.894174   -0.189295 
     31          1           0        0.429941   -0.893361   -0.192212 
 --------------------------------------------------------------------- ETot:	-846.367991853	Hartree																				
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Figure	A1.193: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	2-(4-(trifluoromethyl)phenyl)-3,1,2-benzoxazaborininone	(2.81)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.091838    0.006484    0.078964 
      2          6           0       -0.046516   -0.011945    1.582002 
      3          6           0        1.194220   -0.018516    2.217462 
      4          6           0        1.254570   -0.014045    3.601812 
      5          6           0        0.091482   -0.002717    4.386412 
      6          6           0       -1.141428    0.004205    3.721530 
      7          6           0       -1.215636    0.000077    2.333823 
      8          1           0       -2.177227    0.003140    1.838492 
      9          1           0       -2.054765    0.011722    4.303152 
     10          5           0        0.125835    0.000855    5.946862 
     11          7           0        1.312569   -0.007959    6.719082 
     12          6           0        1.285781   -0.004352    8.108868 
     13          6           0        2.460909   -0.013152    8.867786 
     14          6           0        2.391724   -0.009153   10.250375 
     15          6           0        1.157238    0.003646   10.904928 
     16          6           0       -0.007573    0.012367   10.159190 
     17          6           0        0.041230    0.008485    8.762011 
     18          6           0       -1.218338    0.017761    7.992448 
     19          8           0       -1.081287    0.013242    6.623173 
     20          8           0       -2.319183    0.029227    8.473304 
     21          1           0       -0.980885    0.022290   10.632376 
     22          1           0        1.114032    0.006659   11.986421 
     23          1           0        3.308722   -0.016062   10.827597 
     24          1           0        3.422622   -0.023061    8.366773 
     25          1           0        2.227546   -0.017306    6.295872 
     26          1           0        2.234137   -0.021154    4.068115 
     27          1           0        2.103886   -0.031559    1.630309 
     28          9           0       -1.331778   -0.197234   -0.404568 
     29          9           0        0.335857    1.191263   -0.419526 
     30          9           0        0.707059   -0.943209   -0.459046 
 --------------------------------------------------------------------- ETot:	-1068.96369938	Hartree																					
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Figure	A1.194: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	2-phenyl-1,3,2-benzoxazaborininone	(2.61)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.057486    0.000000    0.106202 
      2          6           0        0.143980    0.000000    1.500973 
      3          6           0        1.376968    0.000000    2.133460 
      4          6           0        2.538486    0.000000    1.365037 
      5          6           0        2.468354    0.000000   -0.033150 
      6          6           0        1.214649    0.000000   -0.651940 
      7          1           0        1.184225    0.000000   -1.734101 
      8          6           0        3.703019    0.000000   -0.847714 
      9          7           0        4.872819    0.000000   -0.095720 
     10          5           0        4.933126    0.000000    1.329913 
     11          8           0        3.736487    0.000000    2.019417 
     12          6           0        6.258423    0.000000    2.145931 
     13          6           0        7.518885    0.000000    1.530476 
     14          6           0        8.689470    0.000000    2.278624 
     15          6           0        8.623939    0.000000    3.668758 
     16          6           0        7.385279    0.000000    4.303124 
     17          6           0        6.218785    0.000000    3.548690 
     18          1           0        5.257863    0.000000    4.048939 
     19          1           0        7.330481    0.000000    5.385445 
     20          1           0        9.535466    0.000000    4.255009 
     21          1           0        9.651497    0.000000    1.780033 
     22          1           0        7.600657    0.000000    0.448441 
     23          1           0        5.702726    0.000000   -0.673460 
     24          8           0        3.719384    0.000000   -2.064635 
     25          1           0        1.461985    0.000000    3.212581 
     26          1           0       -0.759937    0.000000    2.098461 
     27          1           0       -0.910829    0.000000   -0.378043 
 --------------------------------------------------------------------- ETot:	-731.808284393	Hartree																							
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Figure	A1.195: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	2-(p-tolyl)-1,3,2-benzoxazaborininone	(2.90)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000956   -0.001500   -0.000069 
      2          6           0       -0.000753   -0.002219    1.506412 
      3          6           0        1.193188    0.035150    2.229231 
      4          6           0        1.186764    0.061072    3.617456 
      5          6           0       -0.010627    0.048974    4.345817 
      6          5           0       -0.046847    0.075438    5.898502 
      7          7           0        1.116859    0.110326    6.725347 
      8          6           0        1.111695    0.135343    8.115031 
      9          6           0       -0.243345    0.122880    8.708761 
     10          6           0       -1.378329    0.088470    7.889858 
     11          6           0       -2.654635    0.076772    8.447930 
     12          6           0       -2.794197    0.099529    9.826277 
     13          6           0       -1.670677    0.133897   10.656721 
     14          6           0       -0.405480    0.145377   10.097165 
     15          1           0        0.486147    0.171829   10.710543 
     16          1           0       -1.790773    0.151451   11.732569 
     17          1           0       -3.786914    0.090492   10.260497 
     18          1           0       -3.514133    0.050120    7.790394 
     19          8           0       -1.276679    0.065519    6.529496 
     20          8           0        2.141454    0.164631    8.763664 
     21          1           0        2.052773    0.119081    6.342420 
     22          6           0       -1.205104    0.007591    3.610155 
     23          6           0       -1.200313   -0.018838    2.223220 
     24          1           0       -2.141850   -0.054979    1.685248 
     25          1           0       -2.150417   -0.007194    4.139443 
     26          1           0        2.142062    0.088308    4.131707 
     27          1           0        2.138707    0.041958    1.697743 
     28          1           0       -0.153519    1.009983   -0.389051 
     29          1           0       -0.799302   -0.627834   -0.399380 
     30          1           0        0.949639   -0.364616   -0.398430 
 --------------------------------------------------------------------- ETot:	-771.137700603	Hartree																					
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Figure	A1.196: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	2-(4-methoxyphenyl)-1,3,2-benzoxazaborininone	(2.91)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.185394   -0.010379    0.121224 
      2          8           0        0.196041   -0.031403    1.543346 
      3          6           0        1.393360   -0.024477    2.185713 
      4          6           0        2.635405    0.002212    1.548696 
      5          6           0        3.796153    0.006811    2.313675 
      6          6           0        3.768663   -0.014503    3.713414 
      7          6           0        2.500949   -0.041144    4.322725 
      8          6           0        1.334195   -0.046211    3.583631 
      9          1           0        0.362883   -0.066816    4.061738 
     10          1           0        2.413320   -0.058599    5.404104 
     11          5           0        5.089057   -0.008333    4.523329 
     12          7           0        5.152843   -0.028164    5.951067 
     13          6           0        6.321809   -0.023194    6.701409 
     14          6           0        7.556479    0.005317    5.886404 
     15          6           0        7.485283    0.024639    4.488305 
     16          6           0        8.647716    0.051524    3.720786 
     17          6           0        9.880463    0.059039    4.353427 
     18          6           0        9.967142    0.039970    5.748100 
     19          6           0        8.809718    0.013306    6.505588 
     20          1           0        8.839340   -0.001988    7.587630 
     21          1           0       10.935446    0.046051    6.232405 
     22          1           0       10.784449    0.079947    3.756317 
     23          1           0        8.563269    0.066038    2.641662 
     24          8           0        6.288589    0.017919    3.833949 
     25          8           0        6.308175   -0.040939    7.918850 
     26          1           0        4.323467   -0.047653    6.529325 
     27          1           0        4.753019    0.027628    1.805781 
     28          1           0        2.708501    0.019353    0.470319 
     29          1           0        0.684476   -0.891218   -0.292639 
     30          1           0       -0.863290   -0.020549   -0.167000 
     31          1           0        0.659820    0.895817   -0.266033 
 --------------------------------------------------------------------- ETot:	-846.369906127	Hartree																				
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Figure	A1.197: Atomic	Coordinates	 for	 [B3LYP/6-311+G(2d,p)]	optimized	geometry	value	of	 total	energy	of	2-(4-(trifluoromethyl)phenyl)-1,3,2-benzoxazaborininone	(2.92)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000856   -0.002515   -0.000281 
      2          6           0        0.000720   -0.000440    1.503899 
      3          6           0        1.222379    0.045705    2.173593 
      4          6           0        1.244936    0.047307    3.559168 
      5          6           0        0.061388    0.003433    4.311190 
      6          5           0        0.061008    0.004163    5.872052 
      7          7           0        1.240462    0.045518    6.669186 
      8          6           0        1.261912    0.046029    8.062396 
      9          6           0       -0.080324   -0.000305    8.681351 
     10          6           0       -1.231072   -0.040354    7.885492 
     11          6           0       -2.495608   -0.084038    8.466240 
     12          6           0       -2.607747   -0.087611    9.847421 
     13          6           0       -1.468664   -0.047987   10.656067 
     14          6           0       -0.214947   -0.004691   10.073018 
     15          1           0        0.687790    0.026682   10.669582 
     16          1           0       -1.567944   -0.051208   11.734097 
     17          1           0       -3.591162   -0.121560   10.300865 
     18          1           0       -3.367574   -0.114382    7.825586 
     19          8           0       -1.154557   -0.038005    6.520827 
     20          8           0        2.304190    0.081830    8.687707 
     21          1           0        2.169421    0.077308    6.270541 
     22          6           0       -1.151381   -0.042282    3.612018 
     23          6           0       -1.188037   -0.044520    2.223034 
     24          1           0       -2.134706   -0.080120    1.701146 
     25          1           0       -2.080978   -0.076583    4.166243 
     26          1           0        2.209397    0.083963    4.053333 
     27          1           0        2.148256    0.080345    1.613052 
     28          9           0        0.607996    1.097928   -0.501664 
     29          9           0        0.670548   -1.067644   -0.498558 











































Figure	A1.204: 1H	 NMR	 (acetone-d6,	 500.4	 MHz)	 of	 2-(2,6-fluorophenyl)-1,3,2-benzodiazaborininone	(2.63)	
	










Figure	A1.206: 19F	 {1H}	 NMR	 (acetone-d6,	 470.8	 MHz)	 of	 2-(2,6-fluorophenyl)-1,3,2-benzodiazaborininone	(2.63)		
	



























Figure	A1.212: 13C	 {1H}	 NMR	 (CDCl3,	 125.8	 MHz)	 of	 2-(4-methoxyphenyl)-1,3,2-benzodiazaborininone	(2.65)		
	
Figure	A1.213: 11B	 NMR	 (CDCl3,	 128.4	 MHz)	 of	 2-(4-methoxyphenyl)-1,3,2-benzodiazaborininone	(2.65)		
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Figure	A1.214: 1H	 NMR	 (DMSO-d6,	 500.4	 MHz)	 of	 2-(4-(trifluoromethyl)phenyl)-1,3,2-benzodiazaborininone	(2.66)		
	









Figure	A1.216: 19F	 {1H}	 NMR	 (DMSO-d6,	 470.8	 MHz)	 of	 2-(4-(trifluoromethyl)phenyl)-1,3,2-benzodiazaborininone	(2.66)		
	
Figure	A1.217: 11B	 NMR	 (CDCl3,	 128.4	 MHz)	 of	 2-(4-(trifluoromethyl)phenyl)-1,3,2-benzodiazaborininone	(2.66)		
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Figure	A1.218: 1H	NMR	 (DMSO-d6,	 500.4	MHz)	 of	 2-(4-bromophenyl)-1,3,2-benzodiazaborininone	(2.67)	
	









Figure	A1.220: 11B	 NMR	 (THF,	 128.4	 MHz)	 of	 2-(4-bromophenyl)-1,3,2-benzodiazaborininone	(2.67)	
	









Figure	A1.222: 13C	 {1H}	 NMR	 (DMSO-d6,	 125.8	 MHz)	 of	 2-(3-aminophenyl)-1,3,2-benzodiazaborininone	(2.68)		
	














Figure	A1.226: 11B	 NMR	 (THF,	 128.4	 MHz)	 of	 2-(3-(methoxycarbonyl)phenyl)-1,3,2-benzodiazaborininone	(2.69)	
	









Figure	A1.228: 13C	 {1H}	 NMR	 (DMSO-d6,	 125.8	 MHz)	 of	 2-(3-cyanophenyl)-1,3,2-benzodiazaborininone	(2.70)		
	
Figure	A1.229: 11B	 NMR	 (THF,	 128.4	 MHz)	 of	 2-(3-cyanophenyl)-1,3,2-benzodiazaborininone	(2.70)		
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Figure	A1.230: 1H	 NMR	 (DMSO-d6,	 500.4	 MHz)	 of	 2-(3-nitrophenyl)-1,3,2-benzodiazaborininone	(2.71)		
	



















Figure	A1.234: 13C	 {1H}	 NMR	 (DMSO-d6,	 125.8	 MHz)	 of	 2-(4-(naphthalen-1-yl)phenyl)-1,3,2-benzodiazaborininone	(2.72)		
	
Figure	A1.235: 11B	 NMR	 (THF,	 128.4	 MHz)	 of	 2-(4-(naphthalen-1-yl)phenyl)-1,3,2-benzodiazaborininone	(2.72)		
	
	340	
Figure	A1.236: 1H	 NMR	 (DMSO-d6,	 500.4	 MHz)	 of	 2-(4-(benzyloxy)phenyl)-1,3,2-benzodiazaborininone	(2.73)		
	

























Figure	A1.242: 1H	 NMR	 (DMSO-d6,	 500.4	 MHz)	 of	 2-(thiophen-2-yl)-1,3,2-benzodiazaborininone	(2.75)		
	









Figure	A1.244: 11B	 NMR	 (EtOAc,	 128.4	 MHz)	 of	 2-(thiophen-2-yl)-1,3,2-benzodiazaborininone	(2.75)		
	

































































Figure	A1.260: 1H	 NMR	 (CDCl3,	 500.4	 MHz)	 of	 2-(4-methoxyphenyl)-3,1,2-benzoxazaborininone	(2.80)	
	









Figure	A1.262: 11B	 NMR	 (CDCl3,	 128.4	 MHz)	 of	 2-(4-methoxyphenyl)-3,1,2-benzoxazaborininone	(2.80)	
	









Figure	A1.264: 13C	 NMR	 (DMSO-d6,	 126	 MHz)	 of	 2-(4-(trifluoromethyl)phenyl)-3,1,2-benzoxazaborininone	(2.81)	
	
Figure	A1.265: 19F	 {1H}	 NMR	 (DMSO-d6,	 470.8	 MHz)	 of	 2-(4-(trifluoromethyl)phenyl)-3,1,2-benzoxazaborininone	(2.81)	
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Figure	A1.266: 11B	 NMR	 (EtOAc,	 128.4	 MHz)	 of	 2-(4-(trifluoromethyl)phenyl)-3,1,2-benzoxazaborininone	(2.81)	
		











Figure	A1.269: 11B	 NMR	 (acetone-d6,	 128	 MHz)	 2-(4-acetylphenyl)-3,1,2-benzoxazaborininone	(2.82)	
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Figure	A1.270: 1H	 NMR	 (DMSO-d6,	 500.4	 MHz)	 of	 2-(3-cyanophenyl)-3,1,2-benzoxazaborininone	(2.83)	
	









Figure	A1.272: 11B	 NMR	 (acetone-d6,	 128	 MHz)	 of	 2-(3-cyanophenyl)-3,1,2-benzoxazaborininone	(2.83)	
	









Figure	A1.274: 13C	 {1H}	 NMR	 (DMSO-d6,	 125.8	 MHz)	 of	 2-(2-nitrophenyl)-3,1,2-benzoxazaborininone	(2.84)	
	


























Figure	A1.280: 13C	 {1H}	 NMR	 (DMSO-d6,	 125.8	 MHz)	 of	 2-(1-methyl-1H-indol-5-yl)-3,1,2-benzoxazaborininone	(2.86)	
	







































































Figure	A1.299: 11B	 NMR	 (THF,	 128.4	 MHz)	 of	 2-(4-methoxyphenyl)-1,3,2-benzoxazaborininone	(2.91)	
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Figure	A1.300: 1H	 NMR	 (CDCl3,	 500.4	 MHz)	 of	 2-(4-(trifluoromethyl)phenyl)-1,3,2-benzoxazaborininone	(2.92)		
	








Figure	A1.302: 19F	 {1H}	 NMR	 (CDCl3,	 470.8	 MHz)	 of	 2-(4-(trifluoromethyl)phenyl)-1,3,2-benzoxazaborininone	(2.92)		
	
Figure	A1.303: 11B	 NMR	 (MeCN,	 128.4	 MHz)	 of	 2-(4-(trifluoromethyl)phenyl)-1,3,2-benzoxazaborininone	(2.92)		
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Figure	A1.308: 13C	 {1H}	 NMR	 (THF-d8,	 125.8	 MHz)	 of	 2-(2-methoxyphenyl)-1,3,2-benzoxazaborininone	(2.94)		
	






















Figure	A1.314: 13C	 {1H}	 NMR	 (CDCl3,	 125.8	 MHz)	 of	 2-(1-methyl-1H-indol-5-yl)-1,3,2-benzoxazaborininone	(2.96)		
		







































Figure	A1.319: Decomposition	data	for	2-Pheny-2,1-borazaronaphthalene	(2.111)a			 IS	 Prod-1	 Prod:IS-1	 %Δ-1	 Prod-2	 Prod:IS-2	 %Δ-2	 Average	%Δ	Start	 1.00	 0.94	 0.94	 0	 1.18	 1.18	 0	 0.00	4	days	 1.00	 0.91	 0.91	 3.19	 1.13	 1.13	 4.24	 3.71	12	days	 1.00	 0.82	 0.82	 12.77	 1.05	 1.05	 11.02	 11.89	18	days	 1.00	 0.80	 0.80	 14.89	 1.01	 1.01	 14.41	 14.65	27	days	 1.00	 0.76	 0.76	 19.15	 0.98	 0.98	 16.95	 18.05		aPercent	change	in	product	(Average	%Δ)	is	determined	as	an	average	of	two	separate	integrals	of	protons	 1H	 NMR	 of	 product	 (Prod-1,	 Prod-2)	 compared	 to	 an	 internal	 standard	 (IS,	 4,4′-di-tert-butylbiphenyl).			
Figure	A1.320: Decomposition	data	for	2-(4-(methoxy)phenyl)-2,1-borazaronaphthalene	(2.112)a			 IS	 Prod-1	 Prod:IS-1	 %Δ-1	 Prod-2	 Prod:IS-2	 %Δ-2	 Average	%Δ	Start	 1.00	 1.35	 1.35	 0	 3.17	 3.17	 0	 0.00	4	days	 1.00	 1.31	 1.31	 2.96	 3.05	 3.05	 3.79	 3.37	12	days	 1.00	 1.20	 1.20	 11.11	 2.86	 2.86	 9.78	 10.45	18	days	 1.00	 1.17	 1.17	 13.33	 2.78	 2.78	 12.30	 12.82	27	days	 1.00	 1.12	 1.12	 17.04	 2.67	 2.67	 15.77	 16.41	aPercent	change	 in	product	(Average	%Δ)	 is	determined	as	an	average	of	 two	separate	 integrals	of	protons	 1H	 NMR	 of	 product	 (Prod-1,	 Prod-2)	 compared	 to	 an	 internal	 standard	 (IS,	 4,4′-di-tert-butylbiphenyl).		
Figure	A1.321: Decomposition	 data	 for	 2-(4-(triflouromethyl)phenyl)-2,1-borazaronaphthalene	(2.113)a			 IS	 Prod-1	 Prod:IS-1	 %Δ-1	 Prod-2	 Prod:IS-2	 %Δ-2	 Average	%Δ	Start	 1.00	 2.79	 2.79	 0	 6.71	 6.71	 0	 0.00	4	days	 1.00	 2.65	 2.65	 5.02	 6.36	 6.36	 5.22	 5.12	12	days	 1.00	 2.43	 2.43	 12.90	 5.90	 5.90	 12.07	 12.49	18	days	 1.00	 2.27	 2.27	 18.64	 5.50	 5.50	 18.03	 18.34	27	days	 1.00	 2.18	 2.18	 21.86	 5.31	 5.31	 20.86	 21.36	aPercent	change	 in	product	(Average	%Δ)	 is	determined	as	an	average	of	 two	separate	 integrals	of	protons	 1H	 NMR	 of	 product	 (Prod-1,	 Prod-2)	 compared	 to	 an	 internal	 standard	 (IS,	 4,4′-di-tert-butylbiphenyl).		
Figure	A1.322: Computationally	derived	values	for	2,1-borazaonapthalenes			 Bond	Lengths	(Å)	 NICS	(ppm)	Compound	 B-N	 B-C	 B-R	 A(0)	 B(0)	 Center	(0)	 A(1)	 B(1)	 Center(1)	
Referencea	 1.421	 1.524	 N.A.	 -8.86	 -3.63	 -38.59	 -10.31	 -6.33	 -15.23	
2.112	 1.430	 1.532	 1.563	 -8.35	 -2.68	 -37.72	 -9.83	 -5.28	 -14.49	
2.114	 1.429	 1.531	 1.566	 -8.31	 -2.49	 -37.92	 -9.93	 -5.38	 -14.56	
2.115	 1.432	 1.534	 1.559	 -8.13	 -2.39	 -37.39	 -9.75	 -5.08	 -14.36	
2.111	 1.428	 1.531	 1.568	 -8.46	 -2.73	 -38.15	 -9.91	 -5.44	 -14.70	
2.113	 1.428	 1.528	 1.571	 -8.45	 -2.91	 -38.19	 -10.01	 -5.63	 -14.77	
2.116	 1.428	 1.530	 1.568	 -8.49	 -2.67	 -38.21	 -10.03	 -5.42	 -14.65	
2.117	 1.425	 1.526	 1.573	 -8.53	 -3.09	 -38.35	 -10.04	 -5.74	 -14.90	
aReferenced	to	2-H-2,1-borazaronaphthalene	
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Figure	A1.323: Atomic	 coordinates	 for	 [B3LYP/6-311+G(2d,p)]	 optimized	 geometry	 value	 of	 total	energy	of	2-Pheny-2,1-borazaronaphthalene	(2.111)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.086561    0.202013   -0.036955 
      2          6           0        0.026913    0.033910    1.352941 
      3          6           0        1.195754   -0.108455    2.072217 
      4          6           0        2.452521   -0.089342    1.439985 
      5          6           0        2.498552    0.076874    0.034600 
      6          6           0        1.304008    0.223700   -0.687804 
      7          1           0        1.347108    0.352829   -1.764383 
      8          7           0        3.726262    0.092819   -0.596849 
      9          5           0        4.987828   -0.044286    0.057713 
     10          6           0        4.898666   -0.207408    1.576886 
     11          6           0        3.680753   -0.229026    2.176163 
     12          1           0        3.587484   -0.357495    3.252347 
     13          1           0        5.775352   -0.329741    2.205054 
     14          6           0        6.310016   -0.025534   -0.785154 
     15          6           0        6.347483   -0.419662   -2.132469 
     16          6           0        7.525574   -0.394328   -2.869779 
     17          6           0        8.708157    0.035675   -2.275525 
     18          6           0        8.702017    0.430109   -0.941263 
     19          6           0        7.520385    0.391639   -0.209636 
     20          1           0        7.536439    0.703170    0.828988 
     21          1           0        9.619444    0.765116   -0.470927 
     22          1           0        9.628627    0.058446   -2.847258 
     23          1           0        7.523926   -0.713961   -3.905642 
     24          1           0        5.444052   -0.779008   -2.616182 
     25          1           0        3.681651    0.238217   -1.596722 
     26          1           0        1.160908   -0.237387    3.148541 
     27          1           0       -0.931209    0.017124    1.857227 


























Figure	A1.324: Atomic	 coordinates	 for	 [B3LYP/6-311+G(2d,p)]	 optimized	 geometry	 value	 of	 total	energy	of	2-(4-(methoxy)phenyl)-2,1-borazaronaphthalene	(2.112)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.097234   -0.049873    0.109554 
      2          8           0        0.126902    0.047549    1.526218 
      3          6           0        1.337426    0.037143    2.152470 
      4          6           0        2.566526   -0.058538    1.499825 
      5          6           0        3.739607   -0.063070    2.249632 
      6          6           0        3.746114    0.030649    3.646546 
      7          6           0        2.486773    0.137521    4.266403 
      8          6           0        1.306102    0.134838    3.546328 
      9          1           0        0.344671    0.209771    4.039590 
     10          1           0        2.429672    0.213939    5.346418 
     11          5           0        5.061306    0.025713    4.491832 
     12          6           0        5.215635    0.595767    5.905815 
     13          6           0        6.423846    0.545150    6.521449 
     14          6           0        7.584672   -0.039428    5.903431 
     15          6           0        8.831467   -0.090393    6.552517 
     16          6           0        9.934278   -0.660087    5.949121 
     17          6           0        9.814799   -1.200874    4.662285 
     18          6           0        8.604884   -1.165123    3.997456 
     19          6           0        7.477947   -0.585882    4.601672 
     20          7           0        6.259622   -0.539846    3.954053 
     21          1           0        6.256625   -0.973607    3.040662 
     22          1           0        8.515740   -1.584412    3.000445 
     23          1           0       10.675899   -1.650741    4.182479 
     24          1           0       10.885783   -0.690523    6.465176 
     25          1           0        8.912474    0.330397    7.548927 
     26          1           0        6.562158    0.954362    7.519890 
     27          1           0        4.395959    1.064873    6.440860 
     28          1           0        4.677736   -0.118809    1.705470 
     29          1           0        2.622480   -0.122995    0.421974 
     30          1           0        0.613815    0.793264   -0.358903 
     31          1           0        0.543451   -0.987751   -0.234684 






















Figure	A1.325: Atomic	 coordinates	 for	 [B3LYP/6-311+G(2d,p)]	 optimized	 geometry	 value	 of	 total	energy	of	2-(4-(triflouromethyl)phenyl)-2,1-borazaronaphthalene	(2.113)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.003294   -0.005970    0.042118 
      2          6           0       -0.001309   -0.014793    1.543945 
      3          6           0        1.205893    0.054219    2.234254 
      4          6           0        1.203131    0.087702    3.621631 
      5          6           0        0.010496    0.061418    4.361229 
      6          6           0       -1.188093    0.004274    3.634844 
      7          6           0       -1.202096   -0.038849    2.247011 
      8          1           0       -2.140850   -0.095389    1.711327 
      9          1           0       -2.133213   -0.019523    4.164877 
     10          5           0       -0.005907    0.096720    5.931985 
     11          6           0       -1.122542    0.682898    6.794449 
     12          6           0       -0.997072    0.665444    8.146721 
     13          6           0        0.146444    0.100980    8.810949 
     14          6           0        0.262237    0.083267   10.213491 
     15          6           0        1.362367   -0.468446   10.836129 
     16          6           0        2.389665   -1.024722   10.061760 
     17          6           0        2.307562   -1.021855    8.683820 
     18          6           0        1.193414   -0.460458    8.040838 
     19          7           0        1.092168   -0.444799    6.663105 
     20          1           0        1.864751   -0.885762    6.181676 
     21          1           0        3.104641   -1.452625    8.086663 
     22          1           0        3.255809   -1.460311   10.545325 
     23          1           0        1.433840   -0.473589   11.916544 
     24          1           0       -0.538589    0.515146   10.803621 
     25          1           0       -1.769174    1.086978    8.786358 
     26          1           0       -2.013176    1.137920    6.372941 
     27          1           0        2.157238    0.158309    4.133636 
     28          1           0        2.140216    0.079254    1.688048 
     29          9           0        1.075853   -0.634022   -0.473976 
     30          9           0       -1.096396   -0.605884   -0.474562 
     31          9           0        0.014749    1.255988   -0.455266 
 ---------------------------------------------------------------------	ETot:	-957.729774257		Hartree																					
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Figure	A1.326: Atomic	 coordinates	 for	 [B3LYP/6-311+G(2d,p)]	 optimized	 geometry	 value	 of	 total	energy	of	2-(p-tolyl)-2,1-borazaronaphthalene	(2.114)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.079489   -0.017798    0.024228 
      2          6           0        0.038581   -0.031274    1.530899 
      3          6           0        1.216063   -0.071450    2.281599 
      4          6           0        1.179684   -0.058174    3.669370 
      5          6           0       -0.029665   -0.000722    4.380547 
      6          6           0       -1.202434    0.045679    3.612695 
      7          6           0       -1.171658    0.023185    2.223423 
      8          1           0       -2.102893    0.048752    1.666908 
      9          1           0       -2.164867    0.086399    4.110909 
     10          5           0       -0.091679    0.010828    5.945428 
     11          6           0       -1.236231    0.578631    6.789597 
     12          6           0       -1.150466    0.544007    8.143696 
     13          6           0       -0.022065   -0.022107    8.834257 
     14          6           0        0.054742   -0.056487   10.238505 
     15          6           0        1.140991   -0.608642   10.886177 
     16          6           0        2.192855   -1.148351   10.134135 
     17          6           0        2.148638   -1.128834    8.754190 
     18          6           0        1.049299   -0.567174    8.085958 
     19          7           0        0.986424   -0.535723    6.707186 
     20          1           0        1.776196   -0.963655    6.242625 
     21          1           0        2.965190   -1.546756    8.174341 
     22          1           0        3.048462   -1.584266   10.636074 
     23          1           0        1.181896   -0.626379   11.968129 
     24          1           0       -0.765461    0.362905   10.811019 
     25          1           0       -1.943332    0.952381    8.766615 
     26          1           0       -2.118145    1.033532    6.349748 
     27          1           0        2.124214   -0.072043    4.205354 
     28          1           0        2.172911   -0.110758    1.770795 
     29          1           0        0.883839   -0.649671   -0.358430 
     30          1           0       -0.861164   -0.369162   -0.403272 
     31          1           0        0.253963    0.994547   -0.354213 
 ---------------------------------------------------------------------	ETot:	-659.900257871	Hartree																					
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Figure	A1.327: Atomic	 coordinates	 for	 [B3LYP/6-311+G(2d,p)]	 optimized	 geometry	 value	 of	 total	energy	of	2-(4-(dimethylamino)phenyl)-2,1-borazaronaphthalene	(2.115)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.093562    0.136694    0.102381 
      2          7           0       -0.068150    0.216444    1.552457 
      3          6           0        1.174591   -0.136546    2.216733 
      4          1           0        1.350410    0.504442    3.083143 
      5          1           0        1.194351   -1.181924    2.555312 
      6          1           0        2.001366    0.014831    1.525181 
      7          6           0       -1.258511    0.142753    2.258095 
      8          6           0       -2.507558    0.239497    1.609938 
      9          6           0       -3.687899    0.207381    2.333517 
     10          6           0       -3.726113    0.063401    3.729556 
     11          6           0       -2.475031   -0.058447    4.354453 
     12          6           0       -1.278163   -0.021043    3.658224 
     13          1           0       -0.354634   -0.121801    4.210277 
     14          1           0       -2.428262   -0.181887    5.430917 
     15          5           0       -5.050232    0.027160    4.551804 
     16          6           0       -5.201798   -0.506292    5.982281 
     17          6           0       -6.420078   -0.497819    6.578668 
     18          6           0       -7.599504    0.007734    5.925680 
     19          6           0       -8.857303    0.015179    6.554192 
     20          6           0       -9.978280    0.508627    5.917005 
     21          6           0       -9.865294    1.014119    4.615610 
     22          6           0       -8.644134    1.019364    3.970171 
     23          6           0       -7.498732    0.518041    4.608698 
     24          7           0       -6.269911    0.514174    3.980826 
     25          1           0       -6.276101    0.915530    3.052956 
     26          1           0       -8.560155    1.411116    2.961537 
     27          1           0      -10.740065    1.404116    4.108770 
     28          1           0      -10.938296    0.506349    6.418059 
     29          1           0       -8.932994   -0.377916    7.562349 
     30          1           0       -6.553653   -0.882032    7.587740 
     31          1           0       -4.369173   -0.915688    6.545689 
     32          1           0       -4.614159    0.272460    1.769495 
     33          1           0       -2.560043    0.335225    0.534875 
     34          1           0       -0.699134    0.939858   -0.322846 
     35          1           0        0.919663    0.256173   -0.276910 



















Figure	A1.328: Atomic	 coordinates	 for	 [B3LYP/6-311+G(2d,p)]	 optimized	 geometry	 value	 of	 total	energy	of	2-(4-(fluoro)phenyl)-2,1-borazaronaphthalene	(2.116)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.016215   -0.011737    0.010647 
      2          6           0       -0.011118    0.034086    1.393105 
      3          6           0        1.199459    0.039956    2.075808 
      4          6           0        2.434460   -0.004815    1.409081 
      5          5           0        3.804037    0.002933    2.171698 
      6          6           0        5.115356   -0.589708    1.651526 
      7          6           0        6.227829   -0.534021    2.427528 
      8          6           0        6.234226    0.077707    3.729587 
      9          6           0        7.394704    0.133979    4.523130 
     10          6           0        7.386451    0.730657    5.767131 
     11          6           0        6.200324    1.294560    6.255634 
     12          6           0        5.043963    1.254387    5.502284 
     13          6           0        5.041519    0.647339    4.236805 
     14          7           0        3.895260    0.594691    3.467931 
     15          1           0        3.091769    1.045202    3.885276 
     16          1           0        4.126665    1.691081    5.883663 
     17          1           0        6.187302    1.765552    7.231292 
     18          1           0        8.289693    0.764915    6.363367 
     19          1           0        8.307733   -0.304151    4.134961 
     20          1           0        7.169606   -0.959819    2.088484 
     21          1           0        5.195523   -1.079662    0.686269 
     22          6           0        2.396829   -0.062070    0.006908 
     23          6           0        1.200995   -0.059480   -0.701521 
     24          1           0        1.176922   -0.095944   -1.783225 
     25          1           0        3.325550   -0.099141   -0.550714 
     26          1           0        1.168631    0.055313    3.160549 
     27          1           0       -0.961165    0.058025    1.911607 


























Figure	A1.329: Atomic	 coordinates	 for	 [B3LYP/6-311+G(2d,p)]	 optimized	 geometry	 value	 of	 total	energy	of	2-(4-(nitro)phenyl)-2,1-borazaronaphthalene	(2.117)	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.096906    0.019708   -0.061134 
      2          6           0        0.041472   -0.005947    1.339364 
      3          6           0        1.212218   -0.015800    2.067906 
      4          6           0        2.469101   -0.000638    1.434141 
      5          6           0        2.510229    0.020860    0.019082 
      6          6           0        1.313098    0.033525   -0.713476 
      7          1           0        1.353146    0.052837   -1.797637 
      8          7           0        3.738594    0.032036   -0.613588 
      9          5           0        4.997491    0.031852    0.054481 
     10          6           0        4.917291    0.020019    1.578788 
     11          6           0        3.698456   -0.002110    2.178769 
     12          1           0        3.608665   -0.023327    3.262386 
     13          1           0        5.796661    0.006845    2.214653 
     14          6           0        6.325676    0.037973   -0.787506 
     15          6           0        6.410424   -0.552240   -2.059467 
     16          6           0        7.585393   -0.541996   -2.796552 
     17          6           0        8.703874    0.076660   -2.254373 
     18          6           0        8.672653    0.671456   -1.000180 
     19          6           0        7.488086    0.639995   -0.279093 
     20          1           0        7.464672    1.104972    0.699339 
     21          1           0        9.563679    1.142265   -0.610212 
     22          7           0        9.957212    0.097570   -3.027956 
     23          8           0       10.928346    0.652273   -2.525973 
     24          8           0        9.957241   -0.441018   -4.129451 
     25          1           0        7.650559   -1.004139   -3.771169 
     26          1           0        5.547602   -1.055953   -2.481906 
     27          1           0        3.688722    0.072876   -1.623088 
     28          1           0        1.179953   -0.033995    3.151677 
     29          1           0       -0.916487   -0.017147    1.843900 
























Figure	A1.330: Atomic	 coordinates	 for	 [B3LYP/6-311+G(2d,p)]	 optimized	 geometry	 value	 of	 total	energy	of	2-H-2,1-borazaronaphthalene	
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000000    0.000000    0.000000 
      2          6           0        0.000000    0.000000    1.401867 
      3          6           0        1.198930    0.000000    2.083259 
      4          6           0        2.430573    0.000012    1.401055 
      5          6           0        2.415433    0.000012   -0.015086 
      6          6           0        1.189936    0.000010   -0.699319 
      7          1           0        1.187808    0.000016   -1.784435 
      8          7           0        3.619220    0.000030   -0.694126 
      9          5           0        4.896398    0.000038   -0.071211 
     10          6           0        4.883301    0.000051    1.452413 
     11          6           0        3.688031    0.000031    2.099425 
     12          1           0        3.636729    0.000031    3.186146 
     13          1           0        5.790191    0.000063    2.048002 
     14          1           0        5.861144    0.000024   -0.769069 
     15          1           0        3.537769    0.000022   -1.701454 
     16          1           0        1.209573   -0.000001    3.167759 
     17          1           0       -0.937235    0.000005    1.944326 










































































































































































































































































































































































































































































































































































































































































































































































































































	Results:	Based	on	the	ratio	of	internal	standard	(4,4′-di-tert-butylbiphenyl)	to	starting	material	ratio	(IS/SM),	 full	conversion	was	observed	 for	 [Ir(μ-OMe)(COD)]2	 in	THF	using	L2,	L6	or	L7	as	 ligands.	Conversion	 was	 dependent	 of	 both	 the	 solvent	 and	 the	 ligand.	 Different	 product	 isomers	 were	observed,	all	giving	a	mass	hit	for	the	expected	BPin	functionalized	azaborine.					
	
B2Pin2 (1.5 equiv)
[Ir]2 (2.5 mol %)
ligands (5 mol %)
























L1 R = H, 
L2 R = Me
L3 R = OMe





L5 R1,R2,R3 = H
L6 R1,R2 = Me, R3 = H
L7 R1 = Ph, R2,R3 = H

























		Results:	-	Based	on	the	ratio	of	product	to	internal	standard	(Prod/IS),	the	best	results	were	obtained	while	using	L4	 in	n-hexane	or	 cyclohexane	with	1.0	equiv	of	B2Pin2.	L2	 and	L3	were	 less	selective,	causing	non-regioselective	borylation	and	lower	conversion.	6,8-diborylated	azaborine	was	observed	as	the	predominant	product	when	using	the	same	reaction	conditions,	in	cases	of	excess	of	B2Pin2.	An	additional	 set	 of	 reaction	 conditions,	 L5	 in	 n-hexane	 using	 1.5	 equiv	 of	 B2Pin2,	 also	 afforded	reasonable	product	formation.												
B2Pin2 (1.0 or 1.5 equiv)
[Ir(m-OMe)(COD)]2 (2 mol %)
ligands (4 mol %)































	Results:	 Based	 on	 the	 ratio	 of	 product	 to	 internal	 standard,	 the	 best	 results	 were	 obtained	 while	using	L4	at	1:1.5	iridium	dimer	to	ligand	ratio	in	n-hexane,	cyclohexane	or	methylcyclohexane.	More	side	products	(notably	N-borylated)	and	lower	conversions	are	observed	when	using	L7.	Across	the	screen,	 no	 conditions	 allowed	 complete	 conversion,	 indicating	 at	 least	 4%	 of	 Ir	 (2%	 of	 dimer)	 is	required.	Addition	of	THF	is	detrimental	to	the	reaction,	but	a	20%	mixture	of	THF	in	hexane	allows	a	homogeneous	reaction	mixture.											
B2Pin2 (1.05 equiv)
[Ir(µ-OMe)(COD)]2 (X mol %)
ligands (1:1 or 1:1.5 M/L)

























• Solvent	 mixtures:	 5%	 in	 methylcyclohexane,	 5%	 in	 cyclohexane,	 20%	 in	methylcyclohexane,	20%	in	cyclohexane	










[Ir]2 (2 mol %)
dtbbpy (5 mol %)
solvents (0.1 M), 60 °C, 20 h















DCE	 THF	 DME	 MeTHF	 MeCN	 CPME	
B2Pin2 (1.05 equiv)
[Ir(m-OMe)(COD)]2 (2 mol %)
dtbbpy (5 mol %)



















40 °C (12 h)
60 °C (12 h)
80 °C (12 h)
40 °C (16 h)
60 °C (16 h)






































2-phneyl-2,1-borazaronaphthalene	Location	 RB3LYP	Energy	 Free	Energy	 Enthalpy	C3	 -388887.308	 -388779.472	 -388746.541	C4	 -388889.394	 -388781.389	 -388748.576	C5	 -388892.368	 -388784.021	 -388751.367	C6	 -388889.335	 -388781.148	 -388748.407	C7	 -388892.407	 -388784.038	 -388751.400	C8	 -388899.266	 -388790.628	 -388758.053	pC	 -388887.478	 -388779.923	 -388746.628	mC	 -388885.855	 -388777.883	 -388745.134	oC	 -388885.888	 -388778.362	 -388745.333		




 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.000127    0.017870    0.005511 
      2          6           0        0.003296    0.019348    1.391256 
      3          6           0        1.219824    0.007427    2.099949 
      4          6           0        2.450570   -0.000906    1.389216 
      5          6           0        2.411215   -0.003622   -0.021130 
      6          6           0        1.210030    0.005403   -0.710047 
      7          1           0        1.200761    0.003759   -1.796025 
      8          1           0        3.353531   -0.011459   -0.564265 
      9          6           0        3.692334   -0.002387    2.121785 
     10          6           0        3.741596    0.004638    3.483707 
     11          5           0        2.434049   -0.000158    4.285607 
     12          7           0        1.248027    0.006406    3.482502 
     13          1           0        0.333665    0.039856    3.921053 
     14          6           0        2.313479   -0.017252    5.849692 
     15          6           0        3.332659    0.526190    6.655078 
     16          6           0        3.240587    0.535566    8.046801 
     17          6           0        2.121884   -0.014630    8.675870 
     18          6           0        1.099964   -0.571174    7.903713 
     19          6           0        1.199095   -0.567501    6.512704 
     20          1           0        0.399166   -1.026476    5.933109 
     21          1           0        0.230602   -1.011206    8.386134 
     22          1           0        2.048639   -0.014171    9.760480 
     23          1           0        4.040635    0.969611    8.641443 
     24          1           0        4.209899    0.960635    6.181091 
     25          1           0        4.722800   -0.008784    3.955801 
     26          1           0        4.604871   -0.012457    1.523964 
     27          1           0       -0.933930    0.027776    1.944196 
























 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.037354    0.273100   -0.015377 
      2          6           0        0.007361    0.155295    1.369784 
      3          6           0        1.178753   -0.121821    2.105392 
      4          6           0        2.404138   -0.279365    1.471723 
      5          6           0        2.470584   -0.155151    0.071956 
      6          6           0        1.272517    0.109958   -0.649987 
      7          7           0        1.603092    0.152642   -1.989329 
      8          6           0        2.975025   -0.028766   -2.141310 
      9          6           0        3.525757   -0.234318   -0.893099 
     10          1           0        4.563530   -0.465889   -0.695920 
     11          6           0        3.605651   -0.014110   -3.462698 
     12          6           0        4.965265    0.320956   -3.597769 
     13          6           0        5.575816    0.331717   -4.848710 
     14          6           0        4.841489    0.020616   -5.996235 
     15          6           0        3.490781   -0.310131   -5.877474 
     16          6           0        2.879794   -0.332185   -4.624872 
     17          1           0        1.838238   -0.633034   -4.545557 
     18          1           0        2.911560   -0.563641   -6.761478 
     19          1           0        5.317997    0.035616   -6.972493 
     20          1           0        6.626954    0.595668   -4.930101 
     21          1           0        5.534455    0.593058   -2.713742 
     22          1           0        0.997558    0.495841   -2.719266 
     23          1           0        3.301617   -0.490617    2.047528 
     24          1           0        1.117066   -0.211787    3.186543 
     25          1           0       -0.936465    0.275942    1.894423 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.003403    0.001932    0.000733 
      2          6           0       -0.001022    0.042356    1.417140 
      3          6           0        1.188155    0.051431    2.110444 
      4          6           0        2.432492    0.022223    1.423278 
      5          6           0        2.428341   -0.023185   -0.008543 
      6          6           0        1.184973   -0.030355   -0.694253 
      7          1           0        1.187081   -0.062710   -1.781430 
      8          6           0        3.676693   -0.058893   -0.685448 
      9          6           0        4.861927   -0.051428    0.009784 
     10          6           0        4.883517   -0.005009    1.435203 
     11          6           0        3.674024    0.029658    2.109249 
     12          1           0        3.662403    0.035880    3.196452 
     13          6           0        6.174904    0.002781    2.168462 
     14          6           0        6.344128    0.779532    3.327467 
     15          6           0        7.553337    0.779778    4.020824 
     16          6           0        8.623605    0.005331    3.569018 
     17          6           0        8.472391   -0.768744    2.417212 
     18          6           0        7.262416   -0.769046    1.724668 
     19          1           0        7.149160   -1.395534    0.844187 
     20          1           0        9.296372   -1.380923    2.059812 
     21          1           0        9.567035    0.006835    4.108230 
     22          1           0        7.662739    1.394697    4.910419 
     23          1           0        5.526972    1.407722    3.670954 
     24          1           0        5.803728   -0.052821   -0.531338 
     25          1           0        3.682502   -0.083060   -1.772820 
     26          1           0        1.191905    0.082766    3.197583 
     27          1           0       -0.944987    0.066390    1.955002 






 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.099110    0.064938    0.102351 
      2          6           0        0.191405    0.248840    1.504794 
      3          6           0        1.417469    0.263919    2.131188 
      4          6           0        2.611850    0.095220    1.380007 
      5          6           0        2.516017   -0.089836   -0.035713 
      6          6           0        1.239225   -0.100731   -0.652690 
      7          1           0        1.175718   -0.241200   -1.729448 
      8          6           0        3.734733   -0.243044   -0.743754 
      9          6           0        4.926008   -0.219940   -0.064240 
     10          6           0        4.926260   -0.046916    1.354018 
     11          7           0        3.802261    0.112113    2.039130 
     12          6           0        6.197694   -0.017797    2.127644 
     13          6           0        6.215840    0.555663    3.410586 
     14          6           0        7.391899    0.601547    4.153677 
     15          6           0        8.575132    0.069090    3.634909 
     16          6           0        8.568505   -0.513545    2.367118 
     17          6           0        7.391639   -0.555721    1.620137 
     18          1           0        7.405306   -1.036352    0.646597 
     19          1           0        9.479668   -0.942565    1.958579 
     20          1           0        9.493043    0.104663    4.215651 
     21          1           0        7.386712    1.055789    5.141144 
     22          1           0        5.291270    0.960737    3.806654 
     23          1           0        5.862070   -0.306741   -0.604227 
     24          1           0        3.714027   -0.367432   -1.824269 
     25          1           0        1.511532    0.401743    3.203853 
     26          1           0       -0.717070    0.378203    2.086963 






 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.202752   -0.839045    0.330886 
      2          6           0        0.123020   -0.234238    1.587828 
      3          6           0        1.047210    0.756157    1.973926 
      4          6           0        2.070664    1.148855    1.110312 
      5          6           0        2.204514    0.560371   -0.160493 
      6          6           0        1.232518   -0.434825   -0.524759 
      7          7           0        1.531832   -0.826044   -1.808868 
      8          6           0        2.744793   -0.135503   -2.176886 
      9          6           0        3.191114    0.765866   -1.217337 
     10          6           0        3.327991   -0.401052   -3.483252 
     11          6           0        2.727730   -1.215365   -4.470987 
     12          6           0        3.347917   -1.447174   -5.700522 
     13          6           0        4.584450   -0.872271   -5.995626 
     14          6           0        5.189070   -0.049626   -5.031442 
     15          6           0        4.578466    0.180310   -3.807134 
     16          1           0        5.021795    0.814073   -3.043666 
     17          1           0        6.152100    0.413688   -5.244887 
     18          1           0        5.067227   -1.054301   -6.953922 
     19          1           0        2.852456   -2.079152   -6.437372 
     20          1           0        1.748066   -1.651752   -4.288058 
     21          1           0        1.265644   -1.737138   -2.161046 
     22          1           0        2.789160    1.910811    1.411053 
     23          1           0        0.957388    1.214545    2.958472 
     24          1           0       -0.668579   -0.531512    2.275108 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.019992    0.160712   -0.025769 
      2          6           0        0.001774    0.095230    1.370918 
      3          6           0        1.181961   -0.104296    2.125440 
      4          6           0        2.491678   -0.258073    1.608100 
      5          6           0        2.456614   -0.164381    0.178171 
      6          6           0        1.278131    0.020959   -0.615536 
      7          7           0        1.635012    0.018187   -1.962322 
      8          6           0        3.039929   -0.054310   -2.052961 
      9          6           0        3.535783   -0.203245   -0.770231 
     10          1           0        4.573947   -0.372657   -0.507084 
     11          6           0        3.715317   -0.035318   -3.334406 
     12          6           0        5.110169    0.188784   -3.425128 
     13          6           0        5.762586    0.213380   -4.651644 
     14          6           0        5.054096    0.029510   -5.846093 
     15          6           0        3.676420   -0.190458   -5.779120 
     16          6           0        3.019223   -0.227768   -4.551201 
     17          1           0        1.954319   -0.443194   -4.522590 
     18          1           0        3.106072   -0.346857   -6.693485 
     19          1           0        5.566402    0.056899   -6.804950 
     20          1           0        6.836639    0.389392   -4.680003 
     21          1           0        5.670723    0.359577   -2.510394 
     22          1           0        1.091447    0.507665   -2.661401 
     23          1           0        1.033137   -0.139001    3.215010 
     24          1           0       -0.960446    0.197108    1.883106 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.008838   -0.032831   -0.012403 
      2          6           0        0.012897    0.046890    1.387898 
      3          6           0        1.156375    0.017357    2.260636 
      4          6           0        2.360909   -0.112008    1.543500 
      5          6           0        2.448686   -0.188705    0.127449 
      6          6           0        1.250826   -0.160476   -0.637820 
      7          7           0        1.589105   -0.295142   -1.986584 
      8          6           0        2.987582   -0.296532   -2.101327 
      9          6           0        3.519981   -0.269919   -0.821898 
     10          1           0        4.574194   -0.363190   -0.585319 
     11          6           0        3.642176   -0.383974   -3.392171 
     12          6           0        5.011064   -0.059427   -3.542532 
     13          6           0        5.643512   -0.140646   -4.777592 
     14          6           0        4.937104   -0.534924   -5.920415 
     15          6           0        3.583330   -0.856220   -5.793911 
     16          6           0        2.948095   -0.788449   -4.556194 
     17          1           0        1.905634   -1.084377   -4.473682 
     18          1           0        3.016523   -1.175007   -6.667063 
     19          1           0        5.432505   -0.589857   -6.886807 
     20          1           0        6.698102    0.118247   -4.854297 
     21          1           0        5.566516    0.276824   -2.671547 
     22          1           0        1.000670    0.073492   -2.720672 
     23          1           0        3.319940   -0.144403    2.084034 
     24          1           0       -0.985414    0.137907    1.842946 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.027437    0.217392   -0.020326 
      2          6           0       -0.003838    0.164276    1.389653 
      3          6           0        1.310489   -0.034482    1.960713 
      4          6           0        2.510330   -0.163139    1.270886 
      5          6           0        2.482424   -0.094793   -0.141388 
      6          6           0        1.211758    0.079725   -0.761825 
      7          7           0        1.429858    0.066760   -2.140437 
      8          6           0        2.803259   -0.015234   -2.403033 
      9          6           0        3.454736   -0.144007   -1.182494 
     10          1           0        4.518044   -0.317361   -1.060783 
     11          6           0        3.331577   -0.021691   -3.750961 
     12          6           0        4.707860    0.197447   -4.002022 
     13          6           0        5.219555    0.194533   -5.293816 
     14          6           0        4.382396   -0.013006   -6.397377 
     15          6           0        3.020341   -0.227621   -6.172072 
     16          6           0        2.504045   -0.237433   -4.878694 
     17          1           0        1.448588   -0.449054   -4.729226 
     18          1           0        2.351227   -0.401147   -7.013218 
     19          1           0        4.784174   -0.006618   -7.407715 
     20          1           0        6.283596    0.368144   -5.445427 
     21          1           0        5.368438    0.389632   -3.161134 
     22          1           0        0.773682    0.473086   -2.790729 
     23          1           0        3.462325   -0.307994    1.790745 
     24          1           0        1.389327   -0.093000    3.056176 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.011617   -0.149429    0.031783 
      2          6           0        0.031446   -0.245080    1.436609 
      3          6           0        1.369152   -0.094673    1.870507 
      4          6           0        2.565039    0.091156    1.101248 
      5          6           0        2.425004    0.180105   -0.304154 
      6          6           0        1.142050    0.058579   -0.815456 
      7          1           0        0.997232    0.118349   -1.898415 
      8          1           0        3.290003    0.330423   -0.950695 
      9          6           0        3.662090    0.136571    2.008796 
     10          6           0        3.158414   -0.006604    3.301777 
     11          7           0        1.782731   -0.114563    3.202591 
     12          1           0        1.140817   -0.387836    3.932563 
     13          6           0        3.859771   -0.001544    4.573594 
     14          6           0        5.259116   -0.197178    4.637322 
     15          6           0        5.939327   -0.189425    5.849839 
     16          6           0        5.252892    0.001316    7.054756 
     17          6           0        3.869476    0.192012    7.014231 
     18          6           0        3.185956    0.195575    5.800560 
     19          1           0        2.115264    0.380953    5.794520 
     20          1           0        3.315149    0.349663    7.937859 
     21          1           0        5.785475   -0.000362    8.002899 
     22          1           0        7.016834   -0.345319    5.857841 
     23          1           0        5.804194   -0.374330    3.714484 
     24          1           0        4.705096    0.311600    1.764556 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.025473    0.101559    0.051970 
      2          6           0       -0.049053   -0.082948    1.436755 
      3          6           0        1.149733   -0.161741    2.170377 
      4          6           0        2.389029   -0.061051    1.541177 
      5          6           0        2.451903    0.121922    0.146783 
      6          6           0        1.216197    0.202648   -0.575167 
      7          7           0        1.543906    0.389186   -1.898988 
      8          6           0        2.932548    0.417146   -2.063581 
      9          6           0        3.500841    0.258081   -0.810728 
     10          1           0        4.570545    0.247589   -0.663474 
     11          6           0        3.594315    0.590291   -3.365599 
     12          6           0        5.023901    0.513301   -3.371770 
     13          6           0        5.558478    0.678094   -4.674750 
     14          6           0        4.808771    0.886554   -5.840228 
     15          6           0        3.412664    0.963401   -5.762665 
     16          6           0        2.805840    0.818738   -4.516824 
     17          1           0        1.713860    0.902168   -4.467105 
     18          1           0        2.809687    1.137875   -6.653836 
     19          1           0        5.299147    0.996072   -6.812746 
     20          1           0        6.649999    0.641998   -4.805445 
     21          1           0        0.885294    0.427210   -2.659598 
     22          1           0        3.306422   -0.125074    2.123439 
     23          1           0        1.105453   -0.304410    3.248837 
     24          1           0       -1.004294   -0.165245    1.951205 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.010235   -0.021191   -0.018130 
      2          6           0       -0.003988   -0.002715    1.378085 
      3          6           0        1.198325    0.017916    2.109169 
      4          6           0        2.433939    0.027046    1.465124 
      5          6           0        2.484945    0.019305    0.059380 
      6          6           0        1.248726   -0.014188   -0.660483 
      7          7           0        1.569575   -0.043782   -1.999326 
      8          6           0        2.954141    0.003354   -2.175548 
      9          6           0        3.531159    0.029977   -0.915278 
     10          1           0        4.595428    0.024954   -0.726635 
     11          6           0        3.541024    0.036241   -3.512201 
     12          6           0        4.789559    0.664581   -3.750120 
     13          6           0        5.464467    0.734499   -4.993775 
     14          6           0        4.700938    0.129240   -6.028490 
     15          6           0        3.431856   -0.453255   -5.871063 
     16          6           0        2.848902   -0.521638   -4.607126 
     17          1           0        1.905362   -1.049720   -4.460741 
     18          1           0        2.904383   -0.889932   -6.725020 
     19          1           0        5.118200    0.087982   -7.046456 
     20          1           0        5.233938    1.156949   -2.873728 
     21          1           0        0.922935    0.065733   -2.764877 
     22          1           0        3.354864    0.045188    2.044712 
     23          1           0        1.160242    0.027609    3.196828 
     24          1           0       -0.955878   -0.006409    1.904563 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.007950    0.133510   -0.034976 
      2          6           0       -0.019646    0.100854    1.361175 
      3          6           0        1.171400   -0.018406    2.100682 
      4          6           0        2.409537   -0.100948    1.466396 
      5          6           0        2.474317   -0.061725    0.061709 
      6          6           0        1.248255    0.049577   -0.667088 
      7          7           0        1.579062    0.046491   -2.003806 
      8          6           0        2.961233   -0.036584   -2.171263 
      9          6           0        3.525440   -0.114219   -0.904628 
     10          1           0        4.581425   -0.230872   -0.704180 
     11          6           0        3.559236   -0.030994   -3.498378 
     12          6           0        4.923774    0.274443   -3.684741 
     13          6           0        5.476517    0.287273   -4.966270 
     14          6           0        4.781753    0.014066   -6.182765 
     15          6           0        3.413670   -0.289411   -5.919240 
     16          6           0        2.810463   -0.318619   -4.659738 
     17          1           0        1.756446   -0.604732   -4.566501 
     18          1           0        2.751138   -0.534527   -6.763078 
     19          1           0        6.545573    0.543245   -5.013829 
     20          1           0        5.530862    0.525827   -2.810907 
     21          1           0        0.946386    0.218540   -2.769321 
     22          1           0        3.321685   -0.191364    2.053162 
     23          1           0        1.123047   -0.045835    3.187623 
     24          1           0       -0.973298    0.166677    1.880130 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.005709    0.041983    0.002595 
      2          6           0       -0.000458   -0.031718    1.392417 
      3          6           0        1.207619   -0.048853    2.112040 
      4          6           0        2.456152    0.024067    1.421401 
      5          6           0        2.407818    0.100135    0.013455 
      6          6           0        1.210668    0.108440   -0.694360 
      7          1           0        1.214726    0.171951   -1.781859 
      8          1           0        3.356481    0.162993   -0.520487 
      9          6           0        3.694728    0.089889    2.188443 
     10          6           0        3.820781   -0.030337    3.551129 
     11          5           0        2.469279   -0.246684    4.241413 
     12          7           0        1.234490   -0.136125    3.491847 
     13          1           0        0.311825   -0.150610    3.922411 
     14          6           0        2.334947   -0.583992    5.793023 
     15          6           0        3.488015   -0.449498    6.593320 
     16          6           0        3.471594   -0.723587    7.960818 
     17          6           0        2.289290   -1.142552    8.580392 
     18          6           0        1.131923   -1.294213    7.812125 
     19          6           0        1.163645   -1.021106    6.442435 
     20          1           0        0.250227   -1.171232    5.865186 
     21          1           0        0.207998   -1.631628    8.281150 
     22          1           0        2.269976   -1.352781    9.648942 
     23          1           0        4.380687   -0.611677    8.551402 
     24          1           0        4.393644   -0.132713    6.076924 
     25          1           0        4.566685    0.301608    1.533580 
     26          1           0       -0.940902   -0.083991    1.943327 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.003105    0.022752    0.003194 
      2          6           0        0.006904    0.022950    1.392078 
      3          6           0        1.222141    0.004941    2.106264 
      4          6           0        2.484384   -0.013296    1.424688 
      5          6           0        2.415618   -0.008853    0.011053 
      6          6           0        1.220321    0.007230   -0.698434 
      7          1           0        1.221695    0.008903   -1.787728 
      8          1           0        3.377017   -0.020312   -0.499499 
      9          6           0        3.810095   -0.033428    2.069119 
     10          6           0        3.732549   -0.048714    3.466811 
     11          5           0        2.443880   -0.002643    4.260577 
     12          7           0        1.226531    0.015349    3.488065 
     13          1           0        0.312326    0.088944    3.921115 
     14          6           0        2.301757    0.005808    5.839342 
     15          6           0        3.267915    0.638221    6.649320 
     16          6           0        3.175264    0.650551    8.041503 
     17          6           0        2.104612    0.018797    8.681338 
     18          6           0        1.134750   -0.625018    7.908693 
     19          6           0        1.238410   -0.626822    6.516379 
     20          1           0        0.479111   -1.149885    5.935319 
     21          1           0        0.299135   -1.128478    8.393531 
     22          1           0        2.029463    0.024727    9.767317 
     23          1           0        3.939121    1.154200    8.632479 
     24          1           0        4.106889    1.131150    6.163290 
     25          1           0        4.688775   -0.101649    4.015291 
     26          1           0       -0.936531    0.033621    1.943427 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.002955    0.021445    0.007953 
      2          6           0        0.001230    0.024207    1.400689 
      3          6           0        1.236379    0.008181    2.067083 
      4          6           0        2.450841   -0.003650    1.306280 
      5          6           0        2.501912   -0.009019   -0.134884 
      6          6           0        1.213003    0.004351   -0.712172 
      7          1           0        1.115913    0.002773   -1.807266 
      8          6           0        3.683626   -0.004430    2.047145 
      9          6           0        3.779210    0.007956    3.420382 
     10          5           0        2.496243    0.008782    4.230981 
     11          7           0        1.292527    0.007971    3.460367 
     12          1           0        0.383388    0.050200    3.912413 
     13          6           0        2.394083    0.000912    5.811285 
     14          6           0        3.407247    0.573542    6.606023 
     15          6           0        3.339149    0.585230    7.999749 
     16          6           0        2.244928    0.012569    8.653432 
     17          6           0        1.227170   -0.570637    7.895151 
     18          6           0        1.307604   -0.573174    6.501588 
     19          1           0        0.511449   -1.051442    5.932498 
     20          1           0        0.373217   -1.028926    8.391402 
     21          1           0        2.187945    0.017363    9.740216 
     22          1           0        4.139615    1.042408    8.579189 
     23          1           0        4.263779    1.026757    6.111554 
     24          1           0        4.775616   -0.010406    3.867199 
     25          1           0        4.569660   -0.017249    1.408797 
     26          1           0       -0.928666    0.035329    1.972513 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.012431    0.025119    0.000648 
      2          6           0        0.005189    0.023239    1.397228 
      3          6           0        1.222325    0.008958    2.095333 
      4          6           0        2.434327    0.003735    1.349179 
      5          6           0        2.344683    0.008187   -0.073858 
      6          6           0        1.170740    0.019845   -0.846007 
      7          1           0        3.324857    0.005341   -0.578460 
      8          6           0        3.676734    0.001865    2.063069 
      9          6           0        3.771595    0.007437    3.434066 
     10          5           0        2.488562    0.002032    4.254399 
     11          7           0        1.285789    0.002775    3.486637 
     12          1           0        0.375940    0.038084    3.935542 
     13          6           0        2.399613   -0.012981    5.832937 
     14          6           0        3.427878    0.538564    6.623719 
     15          6           0        3.370414    0.542768    8.017811 
     16          6           0        2.271649   -0.015310    8.676343 
     17          6           0        1.238631   -0.576808    7.922122 
     18          6           0        1.308822   -0.573409    6.528330 
     19          1           0        0.500816   -1.036595    5.963572 
     20          1           0        0.380731   -1.023518    8.421839 
     21          1           0        2.222688   -0.015995    9.763414 
     22          1           0        4.182588    0.983363    8.593657 
     23          1           0        4.288082    0.982256    6.126863 
     24          1           0        4.769649   -0.010014    3.876744 
     25          1           0        4.578627   -0.006580    1.443647 
     26          1           0       -0.930127    0.029064    1.968855 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.008429   -0.028719   -0.001673 
      2          6           0       -0.003432   -0.029515    1.404975 
      3          6           0        1.336498   -0.008235    1.939129 
      4          6           0        2.502475    0.017200    1.193078 
      5          6           0        2.455199    0.018751   -0.225463 
      6          6           0        1.158509   -0.003202   -0.817259 
      7          7           0        1.082087    0.002093   -2.207864 
      8          5           0        2.194210    0.021011   -3.103682 
      9          6           0        3.559688    0.031771   -2.433878 
     10          6           0        3.613258    0.035920   -1.058271 
     11          1           0        4.577443    0.056295   -0.540887 
     12          1           0        4.503375    0.064012   -2.980867 
     13          6           0        1.933803    0.039586   -4.664202 
     14          6           0        2.871808   -0.503996   -5.564631 
     15          6           0        2.662385   -0.503283   -6.944182 
     16          6           0        1.495702    0.052226   -7.475821 
     17          6           0        0.548671    0.605296   -6.610795 
     18          6           0        0.770470    0.596411   -5.232860 
     19          1           0        0.026415    1.050945   -4.580407 
     20          1           0       -0.361121    1.048864   -7.011707 
     21          1           0        1.327990    0.056768   -8.551035 
     22          1           0        3.408522   -0.937713   -7.607519 
     23          1           0        3.783111   -0.945338   -5.166373 
     24          1           0        0.126636   -0.044506   -2.550026 
     25          1           0        3.487504    0.034282    1.671287 
     26          1           0        1.465419   -0.011888    3.031023 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.005672    0.039502    0.018051 
      2          6           0        0.006471    0.044151    1.420022 
      3          6           0        1.338038    0.017429    1.933998 
      4          6           0        2.547376   -0.004354    1.173226 
      5          6           0        2.423607   -0.006989   -0.239662 
      6          6           0        1.163571    0.014285   -0.806885 
      7          1           0        1.064355    0.012890   -1.896047 
      8          1           0        3.325489   -0.024305   -0.852961 
      9          6           0        3.818327   -0.020827    1.835883 
     10          6           0        3.952316   -0.015180    3.201829 
     11          5           0        2.688361   -0.001265    4.060537 
     12          7           0        1.475313    0.014786    3.323496 
     13          1           0        0.540717    0.051584    3.730257 
     14          6           0        2.659981   -0.013392    5.643711 
     15          6           0        3.755405    0.452425    6.398070 
     16          6           0        3.751366    0.451120    7.793770 
     17          6           0        2.638934   -0.026961    8.490550 
     18          6           0        1.537968   -0.500698    7.772411 
     19          6           0        1.555124   -0.491709    6.377158 
     20          1           0        0.691102   -0.878234    5.839457 
     21          1           0        0.666061   -0.881318    8.302003 
     22          1           0        2.630452   -0.032213    9.578931 
     23          1           0        4.616084    0.824553    8.340396 
     24          1           0        4.628808    0.833368    5.872410 
     25          1           0        4.964415   -0.044278    3.611214 
     26          1           0        4.704116   -0.042009    1.191116 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.006087    0.022310    0.021139 
      2          6           0        0.005872    0.021080    1.411651 
      3          6           0        1.219174    0.005918    2.127801 
      4          6           0        2.453056    0.000043    1.409158 
      5          6           0        2.403311    0.002038    0.002532 
      6          6           0        1.199381    0.011864   -0.694020 
      7          1           0        1.193743    0.012218   -1.781660 
      8          1           0        3.346363   -0.003295   -0.542453 
      9          6           0        3.702377   -0.012519    2.142293 
     10          6           0        3.745536   -0.006749    3.501953 
     11          5           0        2.443727    0.000024    4.332340 
     12          7           0        1.248160   -0.003376    3.504768 
     13          1           0        0.336953    0.021361    3.950144 
     14          6           0        2.387738    0.041832    5.877793 
     15          6           0        3.545293    0.622898    6.496900 
     16          6           0        3.413271    0.766496    7.904473 
     17          6           0        2.318131    0.312726    8.648323 
     18          6           0        1.216883   -0.267074    7.998534 
     19          6           0        1.250473   -0.377669    6.610923 
     20          1           0        0.379535   -0.810277    6.101572 
     21          1           0        0.355748   -0.617713    8.569145 
     22          1           0        2.309082    0.399861    9.740261 
     23          1           0        4.226760    1.237059    8.476249 
     24          1           0        4.697408    0.009647    4.028173 
     25          1           0        4.611659   -0.027580    1.534732 
     26          1           0       -0.930627    0.028709    1.968035 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.005258   -0.014799    0.002550 
      2          6           0        0.004145   -0.013206    1.390896 
      3          6           0        1.215149   -0.003978    2.115015 
      4          6           0        2.450325    0.005149    1.401544 
      5          6           0        2.414303    0.002431   -0.005619 
      6          6           0        1.215510   -0.007245   -0.707925 
      7          1           0        1.214564   -0.008938   -1.795150 
      8          1           0        3.361131    0.007925   -0.543684 
      9          6           0        3.691326    0.018121    2.144108 
     10          6           0        3.730314    0.014295    3.504247 
     11          5           0        2.419635    0.005892    4.329614 
     12          7           0        1.237972    0.003387    3.487084 
     13          1           0        0.330775    0.007464    3.942268 
     14          6           0        2.271785   -0.016665    5.863786 
     15          6           0        3.354413    0.325993    6.706976 
     16          6           0        3.187729    0.309035    8.089466 
     17          6           0        1.930229   -0.004921    8.638310 
     18          6           0        0.795685   -0.423251    7.895573 
     19          6           0        1.066990   -0.423932    6.508101 
     20          1           0        0.277646   -0.810335    5.837878 
     21          1           0        1.847186    0.099053    9.731721 
     22          1           0        4.028586    0.579124    8.736869 
     23          1           0        4.310789    0.627591    6.276760 
     24          1           0        4.710820    0.011409    3.980558 
     25          1           0        4.606370    0.026886    1.546133 
     26          1           0       -0.935208   -0.021274    1.940713 





 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -0.000398    0.000171    0.005910 
      2          6           0        0.004029    0.000106    1.394086 
      3          6           0        1.217597   -0.000009    2.114205 
      4          6           0        2.448740   -0.000084    1.395217 
      5          6           0        2.407823   -0.000011   -0.010753 
      6          6           0        1.206636    0.000117   -0.709578 
      7          1           0        1.201615    0.000170   -1.796676 
      8          1           0        3.353007   -0.000066   -0.551698 
      9          6           0        3.693127   -0.000263    2.134740 
     10          6           0        3.736699   -0.000364    3.492722 
     11          5           0        2.429169   -0.000135    4.329364 
     12          7           0        1.243970   -0.000066    3.486533 
     13          1           0        0.331725   -0.000128    3.930832 
     14          6           0        2.312675   -0.000186    5.859257 
     15          6           0        3.456754   -0.002222    6.696764 
     16          6           0        3.345805   -0.002448    8.087189 
     17          6           0        2.124049   -0.000539    8.825405 
     18          6           0        1.003116    0.001474    7.938352 
     19          6           0        1.072161    0.001634    6.546641 
     20          1           0        0.135170    0.003411    5.970975 
     21          1           0       -0.011318    0.002952    8.366763 
     22          1           0        4.297343   -0.004010    8.641221 
     23          1           0        4.449063   -0.003711    6.233441 
     24          1           0        4.719208   -0.000463    3.963832 
     25          1           0        4.606367   -0.000298    1.534350 
     26          1           0       -0.934115    0.000164    1.946533 




































































































COSY NMR Correlations HMQC NMR Correlations HMBC NMR Correlations































































































































































































HMQC NMR Correlations HMBC NMR Correlations
Hf HfHfHf
Proton	 Chemical	Shift	 	 Carbon	 Chemical	Shift	Ha	 6.97	 C1	 132.13	–	boron	center	Hb	 8.11	 C2	 145.29	Hc	 7.87	 C3	 129.22	–	quaternary	center	Hd	 7.87	 C4	 127.29	or	129.76	He	 8.11	 C5	 127.29	or	129.76	Hf	 3.91	 C6	 Boron	center		 	 C7	 121.90		 	 C8	 141.64	–	quaternary	center		 	 	 C9	 37.09	

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.32,	C21H22B2F3NO2,	crystallizes	in	the	monoclinic	space	group	P21/c	(systematic	absences	0k0:	 k=odd	 and	 h0l:	 l=odd)	 with	 a=16.0412(6)Å,	 b=9.7859(3)Å,	 c=12.6241(5)Å,	 β=98.1930(10)°,	V=1961.47(12)Å3,	 Z=4,	 and	 dcalc=1.351	 g/cm3	 .	 X-ray	 intensity	 data	 were	 collected	 on	 a	 Bruker	D8QUEST	 [1]	 CMOS	 area	 detector	 employing	 graphite-monochromated	 Mo-Kα	 radiation	(λ=0.71073Å)	at	a	temperature	of	100K.	Preliminary	indexing	was	performed	from	a	series	of	thirty-six	0.5°	rotation	frames	with	exposures	of	10	seconds.	A	total	of	1316	frames	were	collected	with	a	crystal	to	detector	distance	of	34.1	mm,	rotation	widths	of	0.5°	and	exposures	of	10	seconds:	
scan	type	 2θ	 ω	 φ	 χ	 Frames	w	 0.00	 195.50	 90.00	 54.72	 298	w	 0.00	 195.50	 0.00	 54.72	 298	f	 -1.00	 345.19	 0.00	 54.72	 720	














































Reflections	collected		 55761		Independent	reflections		 4531[R(int)	=	0.0277]		Data/restraints/parameters		 4531/0/266		Goodness-of-fit	on	F2		 1.036		Final	R	indexes	[I>=2σ	(I)]		 R1	=	0.0398,	wR2	=	0.1062		Final	R	indexes	[all	data]		 R1	=	0.0430,	wR2	=	0.1092		Largest	diff.	peak/hole		 0.34/-0.44	eÅ-3		
	
Figure	A2.309: Refined	Positional	Parameters	for	Compound	8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2-(4-(trifluoromethyl)phenyl)-2,1-borazaronaphthalene	(3.32)	








Atom	 U11	 U22	 U33	 U23	 U13	 U12	F1	 0.0257(4)	0.0645(6)	 0.0299(4)	-0.0257(4)	0.0111(3)	 -0.0060(4)	F2	 0.0606(6)	0.0399(5)	 0.0625(7)	-0.0193(5)	0.0448(5)	 -0.0281(5)	F3	 0.0244(4)	0.1108(10)	0.0491(6)	0.0401(6)	 0.0162(4)	 0.0312(5)	O1	 0.0113(4)	0.0241(4)	 0.0154(4)	-0.0052(3)	0.0018(3)	 -0.0008(3)	O2	 0.0132(4)	0.0265(4)	 0.0134(4)	-0.0071(3)	0.0023(3)	 -0.0065(3)	N1	 0.0112(4)	0.0142(4)	 0.0141(4)	-0.0010(3)	0.0004(3)	 -0.0028(3)	C1	 0.0199(5)	0.0163(5)	 0.0163(5)	-0.0031(4)	-0.0007(4)	-0.0042(4)	C2	 0.0149(5)	0.0169(5)	 0.0201(5)	-0.0006(4)	-0.0029(4)	-0.0049(4)	C3	 0.0133(5)	0.0125(5)	 0.0185(5)	0.0018(4)	 0.0002(4)	 -0.0018(4)	C4	 0.0110(5)	0.0194(5)	 0.0250(6)	0.0012(4)	 0.0001(4)	 -0.0029(4)	C5	 0.0125(5)	0.0227(6)	 0.0251(6)	0.0016(4)	 0.0057(4)	 -0.0003(4)	C6	 0.0156(5)	0.0164(5)	 0.0178(5)	0.0000(4)	 0.0036(4)	 0.0003(4)	C7	 0.0127(5)	0.0122(5)	 0.0148(5)	0.0011(4)	 0.0012(4)	 -0.0003(4)	C8	 0.0123(5)	0.0104(4)	 0.0145(5)	0.0023(4)	 0.0011(4)	 -0.0005(4)	C9	 0.0116(5)	0.0144(5)	 0.0113(4)	-0.0011(4)	0.0000(4)	 0.0009(4)	C10	 0.0126(5)	0.0177(5)	 0.0122(5)	-0.0031(4)	0.0006(4)	 -0.0034(4)	C11	 0.0250(6)	0.0165(5)	 0.0176(5)	-0.0046(4)	-0.0009(4)	0.0024(4)	C12	 0.0257(6)	0.0193(5)	 0.0167(5)	0.0043(4)	 0.0026(4)	 0.0040(5)	C13	 0.0257(6)	0.0258(6)	 0.0190(5)	0.0049(5)	 0.0024(4)	 -0.0080(5)	C14	 0.0150(5)	0.0287(6)	 0.0238(6)	-0.0061(5)	0.0043(4)	 0.0017(5)	C15	 0.0170(5)	0.0093(4)	 0.0141(5)	0.0002(4)	 0.0012(4)	 -0.0002(4)	C16	 0.0160(5)	0.0147(5)	 0.0152(5)	-0.0012(4)	-0.0011(4)	-0.0005(4)	C17	 0.0204(5)	0.0152(5)	 0.0126(5)	-0.0008(4)	0.0007(4)	 0.0002(4)	C18	 0.0170(5)	0.0126(5)	 0.0162(5)	0.0013(4)	 0.0027(4)	 0.0007(4)	C19	 0.0157(5)	0.0165(5)	 0.0158(5)	-0.0004(4)	-0.0019(4)	-0.0012(4)	C20	 0.0198(5)	0.0143(5)	 0.0123(5)	-0.0008(4)	0.0004(4)	 -0.0010(4)	C21	 0.0183(5)	0.0243(6)	 0.0173(5)	-0.0006(4)	0.0023(4)	 -0.0011(4)	B1	 0.0154(5)	0.0116(5)	 0.0146(5)	0.0001(4)	 0.0008(4)	 -0.0011(4)	B2	 0.0137(5)	0.0124(5)	 0.0138(5)	0.0009(4)	 0.0018(4)	 0.0002(4)	
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Figure	A2.312: Bond	Distances	in	8-(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2-(4-(trifluoromethyl)phenyl)-2,1-borazaronaphthalene	(3.32),	(Å)		 F1-C21	 1.3272(14)			F2-C21	 1.3346(15)			F3-C21	 1.3276(15)	O1-C9	 1.4573(12)			O1-B2	 1.3637(14)			O2-C10	 1.4677(12)	O2-B2	 1.3711(14)			N1-C8	 1.3873(13)			N1-B1	 1.4200(15)	C1-C2	 1.3560(16)			C1-B1	 1.5271(16)			C2-C3	 1.4395(16)	C3-C4	 1.4071(15)			C3-C8	 1.4151(14)			C4-C5	 1.3768(17)	C5-C6	 1.3960(16)			C6-C7	 1.3956(14)			C7-C8	 1.4195(14)	C7-B2	 1.5548(15)			C9-C10	 1.5757(14)			C9-C11	 1.5168(15)	C9-C12	 1.5212(15)			C10-C13	1.5221(16)			C10-C14	1.5185(15)	C15-C16	1.4036(14)			C15-C20	1.4060(15)			C15-B1	 1.5795(16)	C16-C17	1.3922(15)			C17-C18	1.3881(15)			C18-C19	1.3954(15)	C18-C21	1.4972(15)			C19-C20	1.3868(15)			 		 			











	Compound	 9220,	 C27H33B3NO4F3,	 crystallizes	 in	 the	 monoclinic	 space	 group	 P21/n	(systematic	 absences	 0k0:	 k=odd	 and	 h0l:	 h+l=odd)	 with	 a=21.6033(6)Å,	 b=13.3398(4)Å,	c=28.3256(9)Å,	 β=94.209(2)°,	 V=8141.0(4)Å3,	 Z=12,	 and	 dcalc=1.285	 g/cm3	 .	 X-ray	 intensity	 data	were	collected	on	a	Bruker	APEXII	[1]	CCD	area	detector	employing	graphite-monochromated	Mo-Kα	radiation	(λ=0.71073Å)	at	a	temperature	of	100K.	Preliminary	indexing	was	performed	from	a	series	of	thirty-six	0.5°	rotation	frames	with	exposures	of	10	seconds.	A	total	of	3389	frames	were	collected	with	a	crystal	to	detector	distance	of	49.9	mm,	rotation	widths	of	0.5°	and	exposures	of	15	seconds:	
scan	type	 2θ	 ω	 φ	 χ	 Frames	f	 -30.50	 251.25	 9.11	 21.36	 739	f	 -30.50	 338.88	 42.82	 78.00	 739	f	 24.50	 68.74	 340.76	 -42.87	 739	f	 29.50	 288.30	 17.77	 39.97	 739	w	 -30.50	 149.09	 72.07	 99.72	 114	w	 -23.00	 326.67	 91.95	 -98.74	 106	w	 29.50	 335.72	 183.80	 85.83	 114	w	 22.00	 315.41	 74.22	 94.02	 145	
Rotation	 frames	were	 integrated	 using	 SAINT	 [2],	 producing	 a	 listing	 of	 unaveraged	 F2	 and	 σ(F2)	values.	A	total	of	168625	reflections	were	measured	over	the	ranges	2.292	≤	2θ	≤	50.802°,	-26	≤	h	≤	26,	 -16	≤	k	≤	16,	 -34	≤	 l	≤	34	yielding	14977	unique	 reflections	 (Rint	 =	0.0372).	The	 intensity	data	were	corrected	for	Lorentz	and	polarization	effects	and	for	absorption	using	SADABS	[3]	(minimum	and	maximum	transmission	0.7199,	0.7452).	The	structure	was	solved	by	direct	methods	-	SHELXT	[4].	Refinement	was	by	full-matrix	least	squares	based	on	F2	using	SHELXL-2014	[5].	All	reflections	were	used	during	refinement.	The	weighting	scheme	used	was	w=1/[σ2(Fo2	)+	(0.0757P)2	+	2.6606P]	
	619	
where	 P	 =	 (Fo2	 +	 2Fc2)/3.	 Non-hydrogen	 atoms	 were	 refined	 anisotropically	 and	 hydrogen	 atoms	were	refined	using	a	riding	model.	Refinement	converged	to	R1=0.0459	and	wR2=0.1229	for	10825	observed	 reflections	 for	which	 F	 >	 4σ(F)	 and	R1=0.0678	 and	wR2=0.1398	 and	GOF	=1.009	 for	 all	14977	unique,	non-zero	reflections	and	1051	variables.	The	maximum	Δ/σ	in	the	final	cycle	of	least	squares	was	0.001	and	the	two	most	prominent	peaks	in	the	final	difference	Fourier	were	+0.34	and	-0.20	e/Å3.	






















































































































Atom	 x	 y	 z	 U(eq)	F1	 0.21987(4)	 0.27978(7)	 0.99472(4)	0.0341(3)	F2	 0.21801(4)	 0.43973(7)	 0.99837(4)	0.0318(2)	F3	 0.22897(4)	 0.3536(1)	 1.06234(4)	0.0455(3)	O1	 0.59842(5)	 0.49393(9)	 0.82698(4)	0.0234(3)	O2	 0.51584(5)	 0.42134(8)	 0.85964(4)	0.0227(3)	O3	 0.84680(4)	 0.35807(8)	 0.96493(4)	0.0183(2)	O4	 0.82391(4)	 0.39025(8)	 0.88621(4)	0.0190(2)	N1	 0.54062(5)	 0.37799(9)	 0.95903(4)	0.0170(3)	C1	 0.56404(7)	 0.32498(12)	1.04266(5)	0.0194(3)	C2	 0.62483(7)	 0.32550(12)	1.03433(5)	0.0189(3)	C3	 0.64646(7)	 0.35284(11)	0.98909(5)	0.0166(3)	C4	 0.70964(7)	 0.35318(11)	0.98127(5)	0.0175(3)	C5	 0.73115(7)	 0.37801(11)	0.93773(5)	0.0178(3)	C6	 0.68670(7)	 0.40493(11)	0.90108(5)	0.0174(3)	C7	 0.62322(7)	 0.40651(11)	0.90648(5)	0.0170(3)	C8	 0.60298(7)	 0.37919(11)	0.95126(5)	0.0159(3)	C9	 0.54734(7)	 0.49747(12)	0.79010(5)	0.0215(3)	C10	 0.48937(7)	 0.47730(12)	0.81833(5)	0.0214(3)	C11	 0.56049(10)	0.41670(15)	0.75478(6)	0.0389(5)	C12	 0.54814(8)	 0.60006(13)	0.76705(6)	0.0319(4)	C13	 0.43964(8)	 0.41315(14)	0.79237(6)	0.0344(4)	C14	 0.46071(8)	 0.57154(14)	0.83745(6)	0.0332(4)	C15	 0.44348(7)	 0.35709(11)	1.00662(5)	0.0176(3)	C16	 0.40155(7)	 0.37639(13)	0.96772(6)	0.0236(4)	C17	 0.33808(7)	 0.37779(13)	0.97154(6)	0.0258(4)	C18	 0.31495(7)	 0.36096(11)	1.01534(6)	0.0191(3)	C19	 0.35490(7)	 0.34264(12)	1.05473(6)	0.0208(3)	C20	 0.41831(7)	 0.34015(12)	1.04997(5)	0.0206(3)	C21	 0.24596(7)	 0.35915(13)	1.01817(6)	0.0246(4)	C22	 0.90617(7)	 0.37898(12)	0.94525(5)	0.0189(3)	C23	 0.89003(6)	 0.36531(12)	0.89101(5)	0.0191(3)	C24	 0.95458(7)	 0.30759(13)	0.96720(6)	0.0261(4)	C25	 0.92279(7)	 0.48684(12)	0.95826(6)	0.0253(4)	C26	 0.89550(7)	 0.25701(13)	0.87515(6)	0.0280(4)	C27	 0.92427(7)	 0.43365(14)	0.85932(6)	0.0277(4)	B1	 0.51586(8)	 0.35375(13)	1.00280(6)	0.0181(4)	B2	 0.57821(8)	 0.44045(13)	0.86384(6)	0.0187(4)	B3	 0.80162(8)	 0.37564(13)	0.92970(6)	0.0170(4)	F1'	 -0.11442(4)	 0.29023(7)	 0.66108(4)	0.0297(2)	
	622	
F2'	 -0.11529(4)	 0.44933(8)	 0.66904(4)	0.0392(3)	F3'	 -0.10397(4)	 0.35457(10)	0.73061(4)	0.0463(3)	O1'	 0.26182(5)	 0.48270(9)	 0.48958(4)	0.0273(3)	O2'	 0.17914(5)	 0.42260(8)	 0.52665(4)	0.0221(2)	O3'	 0.51144(5)	 0.35971(8)	 0.62961(4)	0.0195(2)	O4'	 0.48919(4)	 0.39374(8)	 0.55093(4)	0.0197(2)	N1'	 0.20608(5)	 0.38139(9)	 0.62505(4)	0.0169(3)	C1'	 0.23072(7)	 0.33280(12)	0.70920(5)	0.0204(3)	C2'	 0.29135(7)	 0.33322(12)	0.70045(5)	0.0200(3)	C3'	 0.31220(7)	 0.35800(11)	0.65458(5)	0.0172(3)	C4'	 0.37537(7)	 0.35806(11)	0.64628(5)	0.0180(3)	C5'	 0.39610(7)	 0.38073(11)	0.60222(5)	0.0174(3)	C6'	 0.35118(7)	 0.40452(11)	0.56550(5)	0.0181(3)	C7'	 0.28781(7)	 0.40581(11)	0.57138(5)	0.0179(3)	C8'	 0.26821(7)	 0.38184(11)	0.61671(5)	0.0163(3)	C9'	 0.20914(7)	 0.48642(13)	0.45415(5)	0.0241(4)	C10'	 0.15230(7)	 0.47561(12)	0.48454(5)	0.0211(3)	C11'	 0.21685(10)	0.39906(16)	0.42069(6)	0.0436(5)	C12'	 0.21209(8)	 0.58521(14)	0.42811(7)	0.0355(4)	C13'	 0.09911(8)	 0.41370(14)	0.46204(6)	0.0338(4)	C14'	 0.12816(8)	 0.57487(14)	0.50192(6)	0.0314(4)	C15'	 0.10987(7)	 0.36324(11)	0.67358(5)	0.0184(3)	C16'	 0.06733(7)	 0.37981(13)	0.63469(6)	0.0236(4)	C17'	 0.00389(7)	 0.38151(13)	0.63903(6)	0.0259(4)	C18'	 -0.01873(7)	 0.36767(11)	0.68310(6)	0.0203(3)	C19'	 0.02171(7)	 0.35243(12)	0.72252(6)	0.0222(3)	C20'	 0.08512(7)	 0.34969(12)	0.71727(5)	0.0214(3)	C21'	 -0.08759(7)	 0.36622(13)	0.68642(6)	0.0256(4)	C22'	 0.56942(7)	 0.34555(12)	0.60702(5)	0.0202(3)	C23'	 0.55667(7)	 0.40251(12)	0.55912(5)	0.0187(3)	C24'	 0.57711(8)	 0.23309(13)	0.60081(6)	0.0304(4)	C25'	 0.62222(7)	 0.38672(15)	0.63930(6)	0.0315(4)	C26'	 0.58678(7)	 0.35850(14)	0.51729(6)	0.0268(4)	C27'	 0.57100(8)	 0.51382(12)	0.56291(6)	0.0275(4)	B1'	 0.18202(8)	 0.35958(13)	0.66933(6)	0.0181(4)	B2'	 0.24211(8)	 0.43674(13)	0.52870(6)	0.0196(4)	B3'	 0.46657(8)	 0.37831(13)	0.59423(6)	0.0170(4)	F1"	 0.45291(4)	 0.72560(7)	 0.67212(3)	0.0274(2)	F2"	 0.45673(4)	 0.56590(7)	 0.66556(4)	0.0324(2)	F3"	 0.44383(4)	 0.65758(9)	 0.60316(3)	0.0374(3)	O1"	 0.07413(5)	 0.52748(9)	 0.84308(4)	0.0242(3)	O2"	 0.15932(5)	 0.58028(8)	 0.80698(4)	0.0213(2)	
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Atom	 x	 y	 z	 U(eq)	H1a	 0.5147	 0.3931	0.9356	0.023	H1	 0.5517	 0.3073	1.0723	0.026	H2	 0.6539	 0.3075	1.0587	0.025	H4	 0.7383	 0.3362	1.0061	0.023	H6	 0.7005	 0.4225	0.8719	0.023	H11a	 0.5297	 0.4193	0.7286	0.058	H11b	 0.5592	 0.3522	0.7698	0.058	H11c	 0.6009	 0.4273	0.7436	0.058	H12a	 0.585	 0.6068	0.7503	0.048	H12b	 0.5477	 0.651	 0.791	 0.048	H12c	 0.5123	 0.6073	0.7452	0.048	H13a	 0.4237	 0.4472	0.7642	0.052	H13b	 0.4065	 0.4016	0.8125	0.052	H13c	 0.4573	 0.3501	0.784	 0.052	H14a	 0.4397	 0.6081	0.8118	0.05	H14b	 0.4928	 0.6127	0.8526	0.05	H14c	 0.4315	 0.5534	0.86	 0.05	H16	 0.4168	 0.3887	0.9384	0.031	H17	 0.3111	 0.3899	0.945	 0.034	H19	 0.3394	 0.3321	1.0841	0.028	H20	 0.445	 0.3268	1.0765	0.027	H24a	 0.9398	 0.24	 0.9636	0.039	H24b	 0.9623	 0.3227	1.0002	0.039	H24c	 0.9924	 0.3148	0.9517	0.039	H25a	 0.9626	 0.5028	0.9473	0.038	H25b	 0.9242	 0.4946	0.992	 0.038	H25c	 0.892	 0.5311	0.9436	0.038	H26a	 0.8783	 0.2504	0.8431	0.042	H26b	 0.8732	 0.2144	0.8953	0.042	H26c	 0.9384	 0.2377	0.8771	0.042	H27a	 0.9121	 0.4187	0.8268	0.042	H27b	 0.9682	 0.4235	0.8652	0.042	H27c	 0.9143	 0.5021	0.8659	0.042	H1a'	 0.1799	 0.3954	0.6017	0.022	H1'	 0.2188	 0.3164	0.7391	0.027	H2'	 0.3208	 0.3169	0.7249	0.027	H4'	 0.4044	 0.3424	0.6711	0.024	H6'	 0.3644	 0.4201	0.5359	0.024	H11a'	 0.1849	 0.4018	0.3953	0.065	
	625	
H11b'	 0.2137	 0.3371	0.4376	0.065	H11c'	 0.2568	 0.4031	0.408	 0.065	H12a'	 0.2472	 0.5851	0.4092	0.053	H12b'	 0.2162	 0.6391	0.4506	0.053	H12c'	 0.1747	 0.5942	0.408	 0.053	H13a'	 0.0835	 0.4447	0.433	 0.051	H13b'	 0.0666	 0.4098	0.4833	0.051	H13c'	 0.1136	 0.3474	0.4556	0.051	H14a'	 0.1074	 0.6104	0.4759	0.047	H14b'	 0.1623	 0.6143	0.5153	0.047	H14c'	 0.0995	 0.5627	0.5256	0.047	H16'	 0.0821	 0.39	 0.605	 0.031	H17'	 -0.0234	0.3919	0.6125	0.034	H19'	 0.0067	 0.3441	0.7522	0.03	H20'	 0.1121	 0.3384	0.7439	0.028	H24a'	 0.5435	 0.2078	0.5801	0.046	H24b'	 0.5769	 0.2007	0.6311	0.046	H24c'	 0.6158	 0.2198	0.5873	0.046	H25a'	 0.6601	 0.3833	0.6236	0.047	H25b'	 0.6264	 0.3477	0.6678	0.047	H25c'	 0.6137	 0.4552	0.6469	0.047	H26a'	 0.5743	 0.3961	0.4893	0.04	H26b'	 0.5741	 0.2899	0.513	 0.04	H26c'	 0.6311	 0.3615	0.523	 0.04	H27a'	 0.6151	 0.5234	0.5665	0.041	H27b'	 0.5525	 0.5412	0.5899	0.041	H27c'	 0.5544	 0.5472	0.5348	0.041	H1a"	 0.1595	 0.6103	0.7313	0.022	H1"	 0.1218	 0.6899	0.5938	0.028	H2"	 0.0196	 0.6907	0.6078	0.027	H4"	 -0.0643	0.6691	0.6616	0.024	H6"	 -0.025	 0.5975	0.7975	0.024	H11a"	 0.115	 0.3661	0.8806	0.043	H11b"	0.0819	 0.4202	0.921	 0.043	H11c"	 0.1542	 0.407	 0.9253	0.043	H12a"	 0.1251	 0.667	 0.8975	0.049	H12b"	0.1503	 0.5981	0.9395	0.049	H12c"	 0.0788	 0.6032	0.9252	0.049	H13a"	 0.1729	 0.3877	0.8192	0.045	H13b"	0.2268	 0.3903	0.8593	0.045	H13c"	 0.2367	 0.4369	0.8096	0.045	H14a"	 0.2707	 0.5894	0.8523	0.045	
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Atom	 U11	 U22	 U33	 U23	 U13	 U12	F1	 0.0201(5)	 0.0303(6)	 0.0516(7)	 -0.0025(5)	 0.0010(4)	 -0.0071(4)	F2	 0.0189(5)	 0.0308(6)	 0.0449(6)	 -0.0030(5)	 -0.0028(4)	 0.0052(4)	F3	 0.0180(5)	 0.0926(10)	0.0271(6)	 0.0050(6)	 0.0091(4)	 0.0009(5)	O1	 0.0179(5)	 0.0329(7)	 0.0194(6)	 0.0084(5)	 0.0016(4)	 0.0027(5)	O2	 0.0174(5)	 0.0339(7)	 0.0163(6)	 0.0068(5)	 -0.0017(4)	 -0.0029(5)	O3	 0.0137(5)	 0.0264(6)	 0.0150(5)	 0.0024(4)	 0.0030(4)	 0.0000(4)	O4	 0.0106(5)	 0.0298(6)	 0.0166(5)	 0.0035(5)	 0.0011(4)	 0.0029(4)	N1	 0.0115(6)	 0.0221(7)	 0.0174(7)	 0.0010(5)	 0.0012(5)	 -0.0002(5)	C1	 0.0206(8)	 0.0227(8)	 0.0156(8)	 0.0008(6)	 0.0062(6)	 -0.0017(6)	C2	 0.0189(8)	 0.0229(8)	 0.0144(8)	 -0.0009(6)	 -0.0006(6)	 0.0002(6)	C3	 0.0156(7)	 0.0178(8)	 0.0168(8)	 -0.0012(6)	 0.0036(6)	 -0.0011(6)	C4	 0.0150(7)	 0.0200(8)	 0.0173(8)	 -0.0014(6)	 -0.0005(6)	 -0.0009(6)	C5	 0.0158(7)	 0.0192(8)	 0.0188(8)	 -0.0008(6)	 0.0032(6)	 0.0003(6)	C6	 0.0175(7)	 0.0193(8)	 0.0158(8)	 0.0010(6)	 0.0038(6)	 -0.0001(6)	C7	 0.0162(7)	 0.0184(8)	 0.0166(8)	 -0.0007(6)	 0.0028(6)	 -0.0001(6)	C8	 0.0145(7)	 0.0162(8)	 0.0173(8)	 -0.0024(6)	 0.0025(6)	 -0.0011(6)	C9	 0.0228(8)	 0.0259(9)	 0.0153(8)	 0.0020(7)	 -0.0014(6)	 0.0045(7)	C10	 0.0200(8)	 0.0276(9)	 0.0160(8)	 0.0039(7)	 -0.0036(6)	 0.0010(7)	C11	 0.0540(12)	0.0425(12)	0.0205(9)	 -0.0029(8)	 0.0048(8)	 0.0183(10)	C12	 0.0299(9)	 0.0334(10)	0.0322(10)	0.0132(8)	 0.0010(8)	 -0.0006(8)	C13	 0.0331(10)	0.0366(11)	0.0309(10)	0.0078(8)	 -0.0149(8)	 -0.0080(8)	C14	 0.0256(9)	 0.0453(11)	0.0285(10)	-0.0044(8)	 0.0007(7)	 0.0108(8)	C15	 0.0173(8)	 0.0159(8)	 0.0201(8)	 -0.0027(6)	 0.0044(6)	 -0.0012(6)	C16	 0.0202(8)	 0.0331(10)	0.0181(8)	 0.0041(7)	 0.0057(6)	 0.0001(7)	C17	 0.0179(8)	 0.037(1)	 0.0222(9)	 0.0048(7)	 -0.0001(6)	 0.0030(7)	C18	 0.0156(8)	 0.0196(8)	 0.0225(8)	 -0.0021(6)	 0.0035(6)	 -0.0008(6)	C19	 0.0183(8)	 0.0258(9)	 0.0187(8)	 -0.0013(7)	 0.0051(6)	 -0.0037(6)	C20	 0.0182(8)	 0.0262(9)	 0.0172(8)	 -0.0003(7)	 0.0001(6)	 -0.0025(6)	C21	 0.0177(8)	 0.0316(10)	0.0244(9)	 -0.0012(7)	 0.0012(7)	 -0.0013(7)	C22	 0.0128(7)	 0.0262(9)	 0.0180(8)	 0.0021(6)	 0.0030(6)	 0.0002(6)	C23	 0.0101(7)	 0.0292(9)	 0.0179(8)	 0.0018(7)	 0.0010(6)	 0.0019(6)	C24	 0.0206(8)	 0.0323(10)	0.0251(9)	 0.0035(7)	 -0.0006(7)	 0.0038(7)	C25	 0.0224(8)	 0.0267(9)	 0.0268(9)	 -0.0017(7)	 0.0024(7)	 -0.0035(7)	C26	 0.0226(8)	 0.0318(10)	0.0294(9)	 -0.0077(8)	 0.0010(7)	 0.0023(7)	C27	 0.0198(8)	 0.0416(11)	0.0220(9)	 0.0054(8)	 0.0027(7)	 -0.0027(7)	B1	 0.0196(9)	 0.0160(9)	 0.0191(9)	 -0.0020(7)	 0.0034(7)	 -0.0012(7)	B2	 0.0196(9)	 0.0209(9)	 0.0161(9)	 -0.0028(7)	 0.0036(7)	 0.0020(7)	B3	 0.0166(8)	 0.0175(9)	 0.0171(9)	 0.0006(7)	 0.0023(7)	 -0.0003(7)	F1'	 0.0198(5)	 0.0280(5)	 0.0408(6)	 -0.0033(4)	 -0.0006(4)	 -0.0045(4)	
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F2'	 0.0210(5)	 0.0280(6)	 0.0675(8)	 -0.0077(5)	 -0.0058(5)	 0.0064(4)	F3'	 0.0186(5)	 0.0923(10)	0.0290(6)	 -0.0084(6)	 0.0085(4)	 -0.0024(5)	O1'	 0.0204(6)	 0.0416(7)	 0.0202(6)	 0.0116(5)	 0.0034(5)	 0.0040(5)	O2'	 0.0187(5)	 0.0319(6)	 0.0154(5)	 0.0066(5)	 -0.0008(4)	 -0.0012(5)	O3'	 0.0148(5)	 0.0271(6)	 0.0171(5)	 0.0013(4)	 0.0058(4)	 0.0017(4)	O4'	 0.0120(5)	 0.0280(6)	 0.0192(6)	 0.0011(5)	 0.0020(4)	 0.0007(4)	N1'	 0.0129(6)	 0.0220(7)	 0.0160(6)	 0.0014(5)	 0.0015(5)	 -0.0003(5)	C1'	 0.0217(8)	 0.0245(9)	 0.0155(8)	 -0.0005(6)	 0.0056(6)	 -0.0030(7)	C2'	 0.0196(8)	 0.0245(9)	 0.0154(8)	 -0.0008(6)	 -0.0011(6)	 0.0002(6)	C3'	 0.0174(7)	 0.0163(8)	 0.0182(8)	 -0.0017(6)	 0.0036(6)	 -0.0012(6)	C4'	 0.0172(7)	 0.0181(8)	 0.0187(8)	 -0.0015(6)	 0.0004(6)	 -0.0011(6)	C5'	 0.0166(8)	 0.0155(8)	 0.0203(8)	 -0.0009(6)	 0.0029(6)	 0.0001(6)	C6'	 0.0195(8)	 0.0182(8)	 0.0174(8)	 0.0015(6)	 0.0059(6)	 0.0005(6)	C7'	 0.0189(8)	 0.0174(8)	 0.0176(8)	 0.0006(6)	 0.0027(6)	 0.0002(6)	C8'	 0.0164(7)	 0.0140(7)	 0.0189(8)	 -0.0016(6)	 0.0037(6)	 -0.0009(6)	C9'	 0.0243(8)	 0.0314(9)	 0.0163(8)	 0.0049(7)	 0.0005(6)	 0.0065(7)	C10'	 0.0228(8)	 0.0236(9)	 0.0163(8)	 0.0035(7)	 -0.0025(6)	 0.0002(7)	C11'	 0.0603(13)	0.0491(13)	0.0216(10)	-0.0016(9)	 0.0048(9)	 0.0236(10)	C12'	 0.0308(10)	0.0447(12)	0.0309(10)	0.0189(9)	 0.0013(8)	 -0.0020(8)	C13'	 0.0332(10)	0.0360(11)	0.0301(10)	0.0075(8)	 -0.0116(8)	 -0.0078(8)	C14'	 0.0291(9)	 0.0378(11)	0.0267(9)	 -0.0037(8)	 -0.0010(7)	 0.0084(8)	C15'	 0.0181(8)	 0.0174(8)	 0.0200(8)	 -0.0022(6)	 0.0029(6)	 -0.0008(6)	C16'	 0.0217(8)	 0.0311(9)	 0.0186(8)	 0.0025(7)	 0.0053(6)	 0.0001(7)	C17'	 0.0199(8)	 0.0371(10)	0.0203(8)	 0.0033(7)	 -0.0008(7)	 0.0037(7)	C18'	 0.0171(8)	 0.0191(8)	 0.0247(9)	 -0.0033(7)	 0.0019(6)	 -0.0006(6)	C19'	 0.0192(8)	 0.0279(9)	 0.0201(8)	 -0.0015(7)	 0.0058(6)	 -0.0038(7)	C20'	 0.0184(8)	 0.0284(9)	 0.0171(8)	 -0.0008(7)	 -0.0007(6)	 -0.0027(7)	C21'	 0.0198(8)	 0.0301(10)	0.0269(9)	 -0.0061(7)	 0.0019(7)	 -0.0005(7)	C22'	 0.0156(7)	 0.0285(9)	 0.0171(8)	 -0.0004(7)	 0.0052(6)	 0.0021(6)	C23'	 0.0125(7)	 0.0265(9)	 0.0173(8)	 0.0006(7)	 0.0019(6)	 -0.0002(6)	C24'	 0.0280(9)	 0.0285(10)	0.0353(10)	0.0059(8)	 0.0064(8)	 0.0079(7)	C25'	 0.0195(8)	 0.0537(12)	0.0214(9)	 -0.0012(8)	 0.0016(7)	 -0.0020(8)	C26'	 0.0198(8)	 0.0393(10)	0.0217(9)	 -0.0027(7)	 0.0051(7)	 -0.0005(7)	C27'	 0.0237(8)	 0.0274(9)	 0.0322(10)	0.0024(7)	 0.0074(7)	 -0.0019(7)	B1'	 0.0182(9)	 0.0174(9)	 0.0188(9)	 -0.0023(7)	 0.0031(7)	 -0.0021(7)	B2'	 0.0206(9)	 0.0206(9)	 0.0181(9)	 0.0014(7)	 0.0043(7)	 0.0021(7)	B3'	 0.0179(9)	 0.0159(9)	 0.0174(9)	 -0.0014(7)	 0.0031(7)	 0.0009(7)	F1"	 0.0200(5)	 0.0271(5)	 0.0349(6)	 -0.0062(4)	 0.0011(4)	 -0.0052(4)	F2"	 0.0204(5)	 0.0274(5)	 0.0487(6)	 -0.0039(5)	 -0.0020(4)	 0.0057(4)	F3"	 0.0179(5)	 0.0722(8)	 0.0230(5)	 -0.0047(5)	 0.0076(4)	 -0.0030(5)	O1"	 0.0182(6)	 0.0361(7)	 0.0184(6)	 0.0093(5)	 0.0013(4)	 0.0018(5)	O2"	 0.0168(5)	 0.0312(6)	 0.0156(5)	 0.0056(5)	 -0.0004(4)	 -0.0007(5)	O3"	 0.0141(5)	 0.0502(8)	 0.0161(6)	 0.0021(5)	 0.0038(4)	 0.0036(5)	
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Figure	A2.319: Bond	Distances	in	6,8-bis(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2-(4-(trifluoromethyl)phenyl)-2,1-borazaronaphthalene	(3.59),	(Å)		F1-C21	 1.3509(19)	 		F2-C21	 1.3361(19)	 		F3-C21	 1.3313(19)	O1-C9	 1.4637(18)	 		O1-B2	 1.362(2)	 		O2-C10	 1.4681(18)	O2-B2	 1.368(2)	 		O3-C22	 1.4624(17)	 		O3-B3	 1.364(2)	O4-C23	 1.4633(17)	 		O4-B3	 1.369(2)	 		N1-C8	 1.3810(18)	N1-B1	 1.423(2)	 		C1-C2	 1.351(2)	 		C1-B1	 1.527(2)	C2-C3	 1.443(2)	 		C3-C4	 1.399(2)	 		C3-C8	 1.417(2)	C4-C5	 1.389(2)	 		C5-C6	 1.408(2)	 		C5-B3	 1.556(2)	C6-C7	 1.391(2)	 		C7-C8	 1.419(2)	 		C7-B2	 1.561(2)	C9-C10	 1.558(2)	 		C9-C11	 1.511(2)	 		C9-C12	 1.517(2)	C10-C13	 1.520(2)	 		C10-C14	 1.519(2)	 		C15-C16	 1.398(2)	C15-C20	 1.397(2)	 		C15-B1	 1.576(2)	 		C16-C17	 1.383(2)	C17-C18	 1.389(2)	 		C18-C19	 1.381(2)	 		C18-C21	 1.499(2)	C19-C20	 1.387(2)	 		C22-C23	 1.561(2)	 		C22-C24	 1.514(2)	C22-C25	 1.522(2)	 		C23-C26	 1.520(2)	 		C23-C27	 1.510(2)	F1'-C21'	 1.3483(19)	 		F2'-C21'	 1.337(2)	 		F3'-C21'	 1.3345(19)	O1'-C9'	 1.4619(19)	 		O1'-B2'	 1.362(2)	 		O2'-C10'	 1.4688(18)	O2'-B2'	 1.371(2)	 		O3'-C22'	 1.4599(17)	 		O3'-B3'	 1.365(2)	O4'-C23'	 1.4639(17)	 		O4'-B3'	 1.369(2)	 		N1'-C8'	 1.3798(18)	N1'-B1'	 1.423(2)	 		C1'-C2'	 1.351(2)	 		C1'-B1'	 1.528(2)	C2'-C3'	 1.444(2)	 		C3'-C4'	 1.402(2)	 		C3'-C8'	 1.416(2)	C4'-C5'	 1.390(2)	 		C5'-C6'	 1.406(2)	 		C5'-B3'	 1.556(2)	C6'-C7'	 1.391(2)	 		C7'-C8'	 1.418(2)	 		C7'-B2'	 1.559(2)	C9'-C10'	 1.557(2)	 		C9'-C11'	 1.519(2)	 		C9'-C12'	 1.514(2)	C10'-C13'	 1.517(2)	 		C10'-C14'	 1.518(2)	 		C15'-C16'	 1.399(2)	C15'-C20'	 1.395(2)	 		C15'-B1'	 1.573(2)	 		C16'-C17'	 1.385(2)	C17'-C18'	 1.386(2)	 		C18'-C19'	 1.381(2)	 		C18'-C21'	 1.498(2)	C19'-C20'	 1.389(2)	 		C22'-C23'	 1.562(2)	 		C22'-C24'	 1.521(2)	C22'-C25'	 1.512(2)	 		C23'-C26'	 1.511(2)	 		C23'-C27'	 1.519(2)	F1"-C21"	 1.3498(18)	 		F2"-C21"	 1.3397(19)	 		F3"-C21"	 1.3367(18)	O1"-C9"	 1.4580(18)	 		O1"-B2"	 1.361(2)	 		O2"-C10"	 1.4693(18)	O2"-B2"	 1.368(2)	 		O3"-C22"	 1.4532(18)	 		O3"-B3"	 1.359(2)	O4"-C23"	 1.4628(18)	 		O4"-B3"	 1.360(2)	 		N1"-C8"	 1.3796(18)	N1"-B1"	 1.424(2)	 		C1"-C2"	 1.352(2)	 		C1"-B1"	 1.526(2)	C2"-C3"	 1.440(2)	 		C3"-C4"	 1.401(2)	 		C3"-C8"	 1.414(2)	C4"-C5"	 1.387(2)	 		C5"-C6"	 1.406(2)	 		C5"-B3"	 1.557(2)	C6"-C7"	 1.389(2)	 		C7"-C8"	 1.421(2)	 		C7"-B2"	 1.555(2)	C9"-C10"	 1.568(2)	 		C9"-C11"	 1.514(2)	 		C9"-C12"	 1.520(2)	C10"-C13"	1.518(2)	 		C10"-C14"	1.517(2)	 		C15"-C16"	1.398(2)	C15"-C20"	1.399(2)	 		C15"-B1"	 1.572(2)	 		C16"-C17"	1.385(2)	C17"-C18"	1.391(2)	 		C18"-C19"	1.383(2)	 		C18"-C21"	1.492(2)	C19"-C20"	1.388(2)	 		C22"-C23"	1.548(2)	 		C22"-C24"	1.505(2)	C22"-C25"	1.517(3)	 		C23"-C26"	1.514(3)	 		C23"-C27"	1.497(3)	
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Figure	A2.320: Bond	Angles	in	6,8-bis(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2-(4-(trifluoromethyl)phenyl)-2,1-borazaronaphthalene	(3.59),	(°)		B2-O1-C9	 107.26(12)			B2-O2-C10	 107.34(12)	 		B3-O3-C22	 106.80(11)	B3-O4-C23	 106.82(11)			C8-N1-B1	 125.09(13)	 		C2-C1-B1	 119.21(14)	C1-C2-C3	 122.59(14)			C4-C3-C2	 121.67(14)	 		C4-C3-C8	 118.68(13)	C8-C3-C2	 119.65(13)			C5-C4-C3	 122.35(14)	 		C4-C5-C6	 117.45(13)	C4-C5-B3	 121.29(13)			C6-C5-B3	 121.27(14)	 		C7-C6-C5	 123.19(14)	C6-C7-C8	 117.72(13)			C6-C7-B2	 118.85(13)	 		C8-C7-B2	 123.41(13)	N1-C8-C3	 118.49(13)			N1-C8-C7	 120.90(13)	 		C3-C8-C7	 120.61(13)	O1-C9-C10	 102.72(11)			O1-C9-C11	 106.32(13)	 		O1-C9-C12	 107.72(13)	C11-C9-C10	 114.45(14)			C11-C9-C12	 110.47(14)	 		C12-C9-C10	 114.32(13)	O2-C10-C9	 102.49(11)			O2-C10-C13	 108.63(13)	 		O2-C10-C14	 106.37(13)	C13-C10-C9	 114.52(14)			C14-C10-C9	 113.84(14)	 		C14-C10-C13	 110.26(14)	C16-C15-B1	 122.67(14)			C20-C15-C16	 116.81(14)	 		C20-C15-B1	 120.52(14)	C17-C16-C15	 121.96(15)			C16-C17-C18	 119.42(15)	 		C17-C18-C21	 118.34(14)	C19-C18-C17	 120.37(14)			C19-C18-C21	 121.25(14)	 		C18-C19-C20	 119.26(14)	C19-C20-C15	 122.18(14)			F1-C21-C18	 111.52(13)	 		F2-C21-F1	 105.35(12)	F2-C21-C18	 112.65(13)			F3-C21-F1	 106.54(13)	 		F3-C21-F2	 106.98(13)	F3-C21-C18	 113.26(13)			O3-C22-C23	 102.36(11)	 		O3-C22-C24	 108.80(12)	O3-C22-C25	 106.62(12)			C24-C22-C23	 115.37(13)	 		C24-C22-C25	 110.60(13)	C25-C22-C23	 112.35(13)			O4-C23-C22	 102.18(11)	 		O4-C23-C26	 106.56(12)	O4-C23-C27	 108.96(12)			C26-C23-C22	 112.65(13)	 		C27-C23-C22	 115.51(13)	C27-C23-C26	 110.25(14)			N1-B1-C1	 114.95(14)	 		N1-B1-C15	 119.44(14)	C1-B1-C15	 125.60(14)			O1-B2-O2	 113.58(14)	 		O1-B2-C7	 121.89(14)	O2-B2-C7	 124.52(14)			O3-B3-O4	 113.76(13)	 		O3-B3-C5	 123.49(14)	O4-B3-C5	 122.75(14)			B2'-O1'-C9'	 107.44(12)	 		B2'-O2'-C10'	 107.42(12)	B3'-O3'-C22'	 106.71(12)			B3'-O4'-C23'	 106.67(11)	 		C8'-N1'-B1'	 125.08(13)	C2'-C1'-B1'	 119.19(14)			C1'-C2'-C3'	 122.45(14)	 		C4'-C3'-C2'	 121.53(14)	C4'-C3'-C8'	 118.69(14)			C8'-C3'-C2'	 119.77(13)	 		C5'-C4'-C3'	 122.20(14)	C4'-C5'-C6'	 117.58(13)			C4'-C5'-B3'	 120.63(14)	 		C6'-C5'-B3'	 121.79(14)	C7'-C6'-C5'	 123.10(14)			C6'-C7'-C8'	 117.87(14)	 		C6'-C7'-B2'	 118.88(13)	C8'-C7'-B2'	 123.21(13)			N1'-C8'-C3'	 118.46(13)	 		N1'-C8'-C7'	 120.98(13)	C3'-C8'-C7'	 120.55(13)			O1'-C9'-C10'	 102.89(12)	 		O1'-C9'-C11'	 106.67(13)	O1'-C9'-C12'	 107.79(14)			C11'-C9'-C10'	 113.64(15)	 		C12'-C9'-C10'	 114.40(14)	C12'-C9'-C11'	 110.69(15)			O2'-C10'-C9'	 102.31(11)	 		O2'-C10'-C13'	 108.71(13)	O2'-C10'-C14'	 106.32(12)			C13'-C10'-C9'	 114.95(14)	 		C13'-C10'-C14'	 110.08(14)	C14'-C10'-C9'	 113.71(14)			C16'-C15'-B1'	 122.81(14)	 		C20'-C15'-C16'	 116.52(14)	C20'-C15'-B1'	 120.67(14)			C17'-C16'-C15'	 121.97(15)	 		C16'-C17'-C18'	 119.63(15)	C17'-C18'-C21'	 118.42(14)			C19'-C18'-C17'	 120.25(14)	 		C19'-C18'-C21'	 121.30(14)	C18'-C19'-C20'	 119.18(15)			C19'-C20'-C15'	 122.44(14)	 		F1'-C21'-C18'	 111.50(13)	F2'-C21'-F1'	 105.31(13)			F2'-C21'-C18'	 112.71(14)	 		F3'-C21'-F1'	 106.18(13)	F3'-C21'-F2'	 107.44(14)			F3'-C21'-C18'	 113.17(13)	 		O3'-C22'-C23'	 102.45(11)	
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O3'-C22'-C24'	 106.43(12)			O3'-C22'-C25'	 108.74(12)	 		C24'-C22'-C23'	 113.15(13)	C25'-C22'-C23'	 115.20(13)			C25'-C22'-C24'	 110.14(14)	 		O4'-C23'-C22'	 102.05(11)	O4'-C23'-C26'	 109.00(12)			O4'-C23'-C27'	 106.55(12)	 		C26'-C23'-C22'	 115.68(13)	C26'-C23'-C27'	 109.76(13)			C27'-C23'-C22'	 113.08(13)	 		N1'-B1'-C1'	 115.02(14)	N1'-B1'-C15'	 119.31(14)			C1'-B1'-C15'	 125.67(14)	 		O1'-B2'-O2'	 113.35(14)	O1'-B2'-C7'	 122.15(14)			O2'-B2'-C7'	 124.50(14)	 		O3'-B3'-O4'	 113.85(13)	O3'-B3'-C5'	 123.14(14)			O4'-B3'-C5'	 123.01(14)	 		B2"-O1"-C9"	 107.90(12)	B2"-O2"-C10"	 107.76(12)			B3"-O3"-C22"	 107.55(12)	 		B3"-O4"-C23"	 107.02(12)	C8"-N1"-B1"	 124.82(13)			C2"-C1"-B1"	 119.18(14)	 		C1"-C2"-C3"	 122.53(14)	C4"-C3"-C2"	 121.67(14)			C4"-C3"-C8"	 118.65(14)	 		C8"-C3"-C2"	 119.67(13)	C5"-C4"-C3"	 122.33(14)			C4"-C5"-C6"	 117.44(13)	 		C4"-C5"-B3"	 121.54(13)	C6"-C5"-B3"	 121.01(14)			C7"-C6"-C5"	 123.29(14)	 		C6"-C7"-C8"	 117.65(13)	C6"-C7"-B2"	 118.50(13)			C8"-C7"-B2"	 123.79(13)	 		N1"-C8"-C3"	 118.74(13)	N1"-C8"-C7"	 120.65(13)			C3"-C8"-C7"	 120.61(13)	 		O1"-C9"-C10"	 102.91(11)	O1"-C9"-C11"	 107.31(13)			O1"-C9"-C12"	 106.66(13)	 		C11"-C9"-C10"	 114.80(13)	C11"-C9"-C12"	 110.58(13)			C12"-C9"-C10"	 113.75(14)	 		O2"-C10"-C9"	 102.35(11)	O2"-C10"-C13"	 106.49(12)			O2"-C10"-C14"	 108.41(13)	 		C13"-C10"-C9"	 113.74(13)	C14"-C10"-C9"	 114.79(13)			C14"-C10"-C13"	110.30(14)	 		C16"-C15"-C20"	116.72(14)	C16"-C15"-B1"	 122.98(14)			C20"-C15"-B1"	 120.30(14)	 		C17"-C16"-C15"	121.99(15)	C16"-C17"-C18"	119.59(15)			C17"-C18"-C21"	118.55(14)	 		C19"-C18"-C17"	120.10(14)	C19"-C18"-C21"	121.31(14)			C18"-C19"-C20"	119.37(14)	 		C19"-C20"-C15"	122.22(14)	F1"-C21"-C18"	 111.64(12)			F2"-C21"-F1"	 105.48(12)	 		F2"-C21"-C18"	 112.90(13)	F3"-C21"-F1"	 106.29(13)			F3"-C21"-F2"	 106.94(13)	 		F3"-C21"-C18"	 113.05(13)	O3"-C22"-C23"	 102.79(12)			O3"-C22"-C24"	 109.00(14)	 		O3"-C22"-C25"	 105.90(14)	C24"-C22"-C23"	115.14(15)			C24"-C22"-C25"	110.40(16)	 		C25"-C22"-C23"	112.86(16)	O4"-C23"-C22"	 102.58(12)			O4"-C23"-C26"	 105.75(14)	 		O4"-C23"-C27"	 109.50(14)	C26"-C23"-C22"	111.78(16)			C27"-C23"-C22"	115.96(16)	 		C27"-C23"-C26"	110.49(19)	N1"-B1"-C1"	 115.05(14)			N1"-B1"-C15"	 119.28(14)	 		C1"-B1"-C15"	 125.66(14)	O1"-B2"-O2"	 113.43(14)			O1"-B2"-C7"	 121.34(14)	 		O2"-B2"-C7"	 125.22(14)	O3"-B3"-O4"	 113.48(14)			O3"-B3"-C5"	 123.27(14)	 		O4"-B3"-C5"	 123.25(14)		
Figure	A2.321: Hydrogen	Bonds	for	6,8-bis(4,4,5,5-tetramethyl-1,3,2-dioxaboryl)-2-(4-(trifluoromethyl)phenyl)-2,1-borazaronaphthalene	(3.59)	
D	 H	 A	 d(D-H)/Å	d(H-A)/Å	d(D-A)/Å	D-H-A/°	N1	 H1a	 O2	 0.86	 2.19	 2.8851(16)	138.3	N1'	 H1a'	 O2'	 0.86	 2.15	 2.8585(16)	138.9	N1"	H1a"	O2"	0.86	 2.18	 2.8838(16)	138.8	
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